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ABSTRACT

As part of the humanitarian aid and as a response to the Haiti Earthquake disaster, the National
Oceanic and Atmospheric Administration (NOAA) and other hydrographic offices around the
world have provided support to SHOH (Service Hydrographique et Océanographique de Haiti)
by training SHOH personnel, surveying key areas around Haiti and updating the charts. As part
of the 2013 NOAA effort to support SHOH, a novel approach was used to evaluate shallow-
waters in areas that were not surveyed in 2010. Commercial multispectral satellite imagery
(Landsat 8 and Worldview 2) was used to derive bathymetry. This report reviews the satellite-
derived bathymetry procedure and the results produced over the coastal waters of Haiti. The
procedure was conducted using Geographic Information System (GIS) software (ArcMap 10.1).
A step-by-step procedure is provided in the GEBCO Cook Book and in the Appendix of this
report.

Key Words: Satellite-derived bathymetry, Haiti, Hydrography, Nearshore bathymetry,
Geographic Information Systems (GIS), Chart adequacy
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1. INTRODUCTION

In January 12, 2010, a magnitude 7 earthquake occurred with an epicenter approximately 25
kilometers (16 mi) west of Port-au-Prince, Haiti's capital. In addition, at least 52 aftershocks
measuring 4.5 or greater had been recorded by January 24, 2010. Death toll estimates ranged
from 100,000 to 159,000. The earthquake caused major damage in Port-au-Prince, Jacmel and
other settlements in the region. Many notable landmark buildings were significantly damaged
or destroyed, including the Presidential Palace, the National Assembly building, the Port-au-
Prince Cathedral, and the main jail.

Following President Obama’s pledge of support relief efforts in Haiti and at the request of the
U.S. Coast Guard, NOAA sent a multi-tiered disaster response team to Haiti to conduct
emergency maritime surveys and damage assessment imagery of key Haitian ports to ensure
that waterways were safe for navigation and the transport of relief supplies. The U.S. survey
effort was a collaborative effort between the U.S. Navy, U.S. Army, U.S. Coast Guard,
National Geospatial-Intelligence Agency (NGA), and NOAA. Most of the hydrographic
surveys were conducted in Port-au-Prince and near Cap Haitien. However, the depths for many
of the surveys were in waters deeper than 10 m, several kilometers away from the shoreline.

A special meeting was held at the 12" Meso American and Caribbean Sea Hydrographic
Commission (MACHC) meeting, Basseterre, Saint Kitts and Nevis (5-9 December2011),
which addressed results of a Haiti Training course and Haiti Donors meeting that took place
within the previous year. These activities were routed through MACHC Capacity Planning and
highlighted the need for continued support. This technical memorandum reviews the 2013
NOAA effort to support SHOH in its hydrographic capacity. NOAA's Office of Coast Survey
(OCS), Marine Chart Division (MCD) in collaboration with the Joint Hydrographic Center
(JHC), University of New Hampshire have developed a GIS procedure that can be used as a
tool to evaluate the adequacy of the charts around Haiti and can be used by SHOH for further
investigation of their charts. The procedure was developed using GIS software (ArcMap 10.1)
and commercial multispectral satellite imagery (Landsat 8 and Worldview 2) which was used
to derive bathymetry. The NGA charts were evaluated as the most recent up-to-date charts that
are available around Haiti (Figure 1). Key steps in the satellite-derived procedures include: (1)
Pre-processing, (2) Water separation, (3) Spatial filtering, (4) Glint/cloud correction, (5)
Applying the bathymetry algorithm, (6) Identifying the extinction depth, and (7) Vertical
referencing.
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Figure 1. Coverage map containing the footprint of large and medium scale
(> 1:200,000) NGA charts around Haiti.



2. MOTIVATION

Economic challenges exist in governments around the world, creating a need to make informed
decisions with diminished funding. The motivation of this work is to utilize remote sensing
resources as reconnaissance tools to identify changes between the current nearshore bathymetry
and the depths marked on the chart.

As commercial satellite imagery is available for NOAA's use with minimal cost, it can provide
excellent potential as an inexpensive tool for analysis. It avoids costs for transportation,
establishment of GPS and tide stations, acoustic surveying and processing of the data. Without
this option, NOAA might not be able to support SHOH with updates or tools for assistance.






3. SATELLITE-DERIVED BATHYETRY

The ability to derive bathymetry from multispectral satellite imagery is a topic that has received
considerable research attention since the 1970s. Typical multispectral satellite platforms (e.g.,
Landsat, Ikonos, SPOT, and WorldView) collect data in multiple spectral bands that capture a
broad spectral range (40 to 150 nm). Collectively, these bands typically span the visible to
infrared portions of the electromagnetic spectrum. The physical concept underlying the ability
to estimate bathymetry from multispectral imagery is the wavelength-dependent attenuation of
light in the water column. To date, numerous algorithms for bathymetry retrieval have been
developed. Satellite-derived bathymetry (SDB) utilizes these algorithms and procedures for
operational survey planning for hydrographic offices.

Although the accuracy of SDB does not meet current International Hydrographic Organization
(IHO) S-44 standards, results from this technique suggest that SDB can be a useful tool for
survey planning and prioritization, especially for national hydrographic offices with limited
resources. However, this application has two main requirements: 1) the data must be referenced
to a chart datum (typically a tidal datum), and 2) the procedures must be based on readily-
available, low-cost data and software.

The key steps in the satellite-derived procedure include:

1. Pre-processing— Satellite imagery is downloaded based on geographic location and
environmental conditions (e.g., cloud coverage and sun glint).

2. Water separation— Dry land and most of the clouds are removed.

3. Spatial filtering— ‘Speckle noise’ in the Landsat imagery is removed using spatial
filtering.

4. Glint/cloud correction— The Hedley et al. (2005) algorithm is used to correct
radiometric contributions from sun glint and low clouds.

5. Applying the bathymetry algorithm— The bathymetry is calculated using the Stumpf et
al. (2003) algorithm on the blue and green bands.

6. Identifying the extinction depth— The optic depth limit for inferring bathymetry (also
known as, the extinction depth) is calculated.

7. Vertical referencing— A statistical analysis between the algorithm values to the chart
soundings reference the Digital Elevation Model (DEM) to the chart datum.






4. DATA

4.1. Multispectral Satellite Imagery

The ability of light to penetrate the water provides the fundamental principle for inferring water
depth using satellite remote sensing technology. The radiation reflected from the seafloor or the
water column is captured by the sensor in the satellite platform using photo-detectors. A typical
multi-spectral sensor contains several detectors, where each detector can capture a broad
spectral range (70 to 150 nm) from the visible to the infrared portions of the electromagnetic
spectrum.

Light transmittance through the water column varies as a function of wavelength. The spectral
range of the sunlight that is able to penetrate seawater to appreciable depths is typically between
350 nm (ultraviolet-blue) to 700 nm (red), depending on the water clarity and the water depth
(Jerlov 1976, Mobley 2004). Sunlight at wavelengths greater than 700 nm (infrared) has very
low transmittance in seawater. Typically, satellite channels in the near-infrared ranges (800 to
900 nm) are used to delineate land/water boundary in coastal environments (Robinson, 2004).

The solar radiant energy that is able to penetrate the water surface decays through the water
column is an exponential function of the diffuse attenuation function, K(A) ,and depth, z (Jerlov
1976, Mobley 2004). The observed radiance in shallow waters can be expressed as (Philpot
1989, Maritorena et al. 1994):

Lops = Lbe_ZK(A).Z + L, (1)

where L, is the radiance observed at the sensor’s detector, L, is the radiance contribution from
the bottom, and L, is the observed radiance over optically deep water with no bottom
contribution. As a result, only a subset of the spectral range from the downwelling irradiance
reaches the bottom and is reflected back.

Landsat 8

The Operational Land Imager (OLI) aboard Landsat 8 has been operational since mid-2013.
Current and historical Landsat satellite imagery provides a free and publically available
resource. Satellite imagery is collected and archived by National Aeronautics and Space
Administration (NASA) and U.S. Geological Survey (USGS). The swath width of Landsat 8
imagery is 185 km and its image resolution is about 30 m. Each image contains 8 bands at
different spectral ranges (Table 1). The spectral range of the bands is from 0.430 to 1.380 um.
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Figure 2. Image of Landsat 8 satellite (USGS, 2013).

Table 1. Band names and wavelength ranges of the visible to shortwave-infrared

multispectral Landsat 8 bands (USGS, 2013).

Band 1
Band 2
Band 3
Band 4
Band 5
Band 6
Band 7
Band 8

WorldView 2

DigitalGlobe’s WorldView-2 (WV-2) imagery provides eight multispectral bands at a resolution
of about 2 m (Table 2). The spectral range of the bands is from 0.400 to 1.040 pm. According to
DigitalGolbe (2012), each band is dedicated to a particular part of the electromagnetic spectrum
to be sensitive to a specific type of feature on land, above or beneath water bodies, and in the
atmospheric column. Although the swath width of WV-2 (18 km) is much smaller than the
swath width of Landsat imagery (185 km), the WV-2 image resolution (~2m) provides the
ability to identify smaller features that cannot be observed in the Landsat imagery (~30 m pixel

resolution).

Coastal

Blue

Green

Red

Near-IR

Short wave -IR1
Short wave-IR2
Cirrus (IR)

0.430 - 0.450 pm
0.450 - 0.510pm
0.530 - 0.590um
0.640 - 0.670um
0.850 - 0.880pum
1.570 - 1.650pm
2.110 - 2.290 pm
1.360 - 1.380um
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Figure 3. Image of WV-2 satellite (DigitalGlobe, 2013).

Table 2. Band names and wavelength ranges of the multispectral WV-2 bands (Digital

Globe, 2012).

Band 1 Coastal 0.400 - 0.450 um
Band 2 Blue 0.450 - 0.510 pm
Band 3 Green 0.510 - 0.580 pm
Band 4 Yellow 0.585 - 0.625 pm
Band 5 Red 0.630 - 0.690 pm
Band 6 Red Edge 0.705 - 0.745 pm
Band 7 Near-IR2 0.770 — 0.895 um
Band 8 Near-IR2 0.860 — 1.040 pm

4.2. NGA Raster and Electronic Charts

U.S. chart production outside of its territorial waters is done by NGA, including the nautical
charts within coastal waters of Haiti. The raster, or lithographic, charts produced by NGA
contain survey information typically collected by the U.S. Navy. These raster charts are
updated to reflect the latest available information to promote the safe navigation of maritime
traffic.

In addition to the NGA raster charts, ENCs (Electronic Navigation Chart) are beginning to be
produced. ENCs are vector data sets that conform to the International Hydrographic
Organization (IHO) S-57 international exchange format, comply with the IHO ENC Product
Specification, and are provided with incremental updates that supply Notice to Mariners



corrections and other critical changes. ENC data may be used to fuel Electronic Chart and
Display Information Systems (ECDIS) (NOAA, 2013).

NGA released its first four ENCs in S-57 format for the Panama Canal and approaches on 01
OCT 2013. These ENCs will continue to be maintained by NGA with new source information
from both the U.S. and Panama as it becomes available. Additionally, NGA is working to
expand its ENC Portfolio within the MACHC Region in areas where the U.S. is the Prime
Charting Authority (NGA, 2013). Currently, NGA has six ENCs in production in the coastal
waters of Haiti.
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5. METHODOLOGY AND RESEARCH APPROACH
5.1. Study Sites

Two study sites were used: (1) Port Au Prince as a control site to evaluate the SDB procedure
(Figure 4) and (2) Baie de I'Acul that was used to evaluate the NGA charts (Figure 5). The
decision for the control site was based on the recent (2010) hydrographic survey conducted by
the U.S Navy (Figure 6). The evaluation site was also chosen based on the source diagram
(Figure 7), which indicated that the last hydrographic survey conducted in the near shore waters
of Baie de I'Acul was 1916.

Figure 4. NGA map coverage contours of Port-au-Prince area overlaid on a Landsat 8
imagery (IR band).
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Figure 5. NGA map coverage contours of Baie de I'Aculthat area overlaid on a Landsat 8
imagery (IR band).

SOURCE DIAGRAM

Figure 6. Source diagram of NGA Chart 26186: (Area A) U.S. Navy Survey from 2010
(Survey scale 1:1,000), (Area B) U.S. Navy Survey from 1978 (Survey scale 1:5,000 [
1:10,000).
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COMPILATION DIAGRAM

Figure 7. Source diagram of NGA Chart 26148: (Area A) U.S. Navy Survey from 1982
(Survey scale 1:25,000), (Area B) U.S. Navy Survey from 1915-16 (Miscellaneous data).
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Table 3. NGA charts used in the study.

Study Site Chart Name Chart Number Scale
Baie de I'Acul | Baie de 1'Acul and Approaches 26148 1:20,000
Baie de 'Acul | Cap-Haitien 26146 1:10,000
Baie de 'Acul | Approaches to Cap-Haitien and Bahia de 26142 1:75,000

Monte Cristi
Port-au-Prince | Port-au-Prince 26186 1:10,000
Port-au-Prince | Approach to Port-au-Prince 26184 1:50,000

5.2. Procedure Outline

5.2.1. Downloading Datasets

Based on the charts geographic location, a search was conducted in the USGS archives

(http://earthexplorer.usgs.gov/) for available Landsat 8 imagery. Using a ‘quicklook view’ mode
(i.e., low-resolution imagery) to review the different scenes (Figure 8), only images with
minimum cloud coverage (0% to 10 %) and very little sun glint were chosen. These images
were downloaded from the website into the ArcMap project, where the bands of the image were

stored separately in a TIF format.

[ Home

Login Register Feedback Help |

Search Criteria | DataSets | Additional Criteria Search Griteria Summary (Show)

4. Search Results

If you selected more than one data set to search, use the
dropdown to see the search results for each specific data
set.

Note: You must be logged in to download and order
scenes

Show Result Controls -
Data Set Click here to export your results » (£

L8 OLITIRS [=]

YddzL O

Entity ID: LC80090472013165LGNO0
Coordinates: 18.78723,72.84994
Acquisition Date: 14-JUN-13

Path: 9

Row: 47

YHd 7L O

Entity ID: LCB0090472013181LGNOO
Coordinates: 18.78726,-72.8408
Acquisition Date: 30-JUN-13

Path: 9

Row: 47

YddzL O

n

Entity ID: LC80090472013197LGNO0
Coordinates: 18.78728,72.83917
Acquisition Date: 16-JUL-13

Path: 9

Row: 47 L4

Ydd s O

||

Entity ID: LCB0090472013213LGNO0
Coordinates: 18.78734,-72.84471
Acquisition Date: 01-AUG-13

E3 _ Dath-g

b

Clear Criteria

Map dats ©2013 Google Imagery §2013 TemaMetrics | 20 km L—1

top | Satellite

I

Figure 8. Screen capture for Landsat 8 imagery search using the USGS website.

Similarly, an inquiry for WV-2 imagery based on the geographic location was conducted in the
NGA archives (WARP). The portal also allows the user to review the different scenes (Figure

14



http:http://earthexplorer.usgs.gov

9). Only multispectral images with minimum cloud coverage (0% to 10 %) and very little sun
glint were chosen. These images were downloaded in a National Imagery Transmission Format
(NITF) file format from the NGA website into the ArcMap project and converted locally into a
TIF format.

Unclassified
NATIONAL GEOSPATIAL INTELLIGENCE AGENCY

KML Display

KML Generated File : KML1385065414.kmz

30MAR11WV021100011MAR30154843-P1BS-
052497304020_02_P001

y 3
& “ ﬁ‘
Image ID
WORLDVIEW_NITF_2 1

¥ ma
e

Image Size §95215
Location

Collection
Date

30 Mar 2011 15:48:43 Z

Figure 9. Screen capture for WV-2 imagery search using the NGA website.

Appendix A.1 provides step by step how to download the Landsat 8 or WV-2 imagery.

5.2.2. Horizontal Referencing of the Imagery to the Chart

Although the archive state of the satellite imagery datasets (Landsat 8§ and WV-2) are
georeferenced, there was a noticeable observed horizontal offset ranging up to 20m in the WV-2
imagery. The satellite imagery was referenced to the chart based on the chart graticules.
Although the cause of the horizontal offset could be uncertainty from both the imagery and the
chart, the goal is to evaluate the chart. Accordingly, the chart provides the reference datum, both
horizontally and vertically.

15



Figure 10. Figure showing the misalignment between WV-2 and the chart.

Appendix A.4 provides step by step procedure in ArcMap to horizontally reference the
satellite imagery to chart datum.

5.2.3. Spatial Filtering

A radiometric noise is noticeable in both the Landsat 8 and the WV-2 imagery. This radiometric
issue is call "striping" and occurs when detectors go out of radiometric adjustment (Figure 11).
In the satellite-derived bathymetry case, a detector might record spectral measurements over a
dark deep body of water that are almost uniformly greater brightness values than other detectors
for the same band. The result would be an image with noticeable lines that are brighter than
adjacent lines. An additional radiometric noise that might be present is ‘speckle noise’ (random
brightness changes throughout the image). The cause of the speckle is unclear and may be
related to memory effects, scan-correlated shift and coherent noise (Vogelmann et al. 2001).
Spatial filters can be applied as a radiometric correction. An additional procedure for the
removal of the striping is applied during the sun glint removal (section 2.5.5).

16
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Figure 11. Figure showing the striping in Landsat 8 and the chart.
Appendix A.5 provides step by step procedure in ArcMap spatial filtering.

5.2.4. Land/Water Separation

Due to the optical characteristics of water that are close to opaque in the near infrared (NIR)
range, the water appears dark in the infrared IR band. The dark (low digital values) of the NIR
band are in contrast to the dry land areas that are appear bright (high digital values). As a result,
the histogram of the NIR band over a coastal area is bi-modal (a digital value distribution of
land and a digital value distribution of the water) (Figure 12). A threshold value between the
two distributions is used for separating land from water in the NIR band. There are different
approaches to evaluate the threshold values (sampling, profile, or using a histogram). The land
water separation is conducted using the Raster Calculator tool in ArcMap. It is important to note
that this land/water interface is the instantaneous shoreline that represents the shoreline at the
acquisition time of the Landsat imagery. The bathymetry will be vertically corrected to the chart
datum regardless of the water level to which this instantaneous shoreline corresponds (section
2.5.7).
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Figure 12. (Left) NIR image over Port-au-Prince, Haiti. (Right) The NIR image
histogram showing the Land-Water threshold. For the NIR image, the land-water
threshold was determined to be 10,000. Thus, any digital number greater than the
threshold is considered land.

Appendix A.5 provides step by step procedure in ArcMap for land/water separation.

5.2.5. Radiometric Correction for Clouds and Sun Glint

A second radiometric correction is applied to remove cloud shadows and sun glint that appear
on the water surface and may add errors to final product (Hedley et al., 2004):

Lobs’(li) = (Lobs(Ai)) - bi ' ((Lobs(NIR)) - Min(Lobs(NIR))) (2)

where the pixel value in band 1, L,s (Ai), is reduced by the product of regression slope, b;, and
the difference between the pixel NIR value, L, (NIR), and the ambient NIR level, (Min(L,ps
(NIR)). The result is a radiometrically corrected pixel that represents the pixel value of a given
band without any radiometric contributions from clouds or sun glint.

Appendix A.5 provides step by step procedure in ArcMap for cloud and sun glint removal.

5.2.6. Generation of the Algorithm Result

The ratio transform approach utilizes two bands to reduce the number of parameters required to
infer depth. This requires less empirical tuning and therefore a more robust algorithm to the
linear transform approach (Stumpf et al., 2003). Assuming a uniform mixture in the water
column, the ratio of two bands will maintain a near-constant attenuation value that is the
difference of the diffuse attenuation coefficient at two different wavelengths. The concept for
both algorithms using the ratio approach is that bottom radiance of one channel will decay faster
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with depth than the other band (Dierssen et al., 2003; Stumpf et al., 2003). As a result, the ratio
between the two bands will increase as depth increases. This procedure utilizes Stumpf et al.
(2003) log ratio approach, where the bathymetry was extracted from a natural log ratio between

the blue and green bands:
_ In(nLobs(1)) | _
Z=m (ln(nLobs(A,-))) o ®)

where m; is the tunable constant to scale the ratio to depth, n is a fixed constant for all areas and
m, is the offset for a depth of 0 m (Z=0). The value of n is chosen to ensure that the logarithm
will be positive under all circumstances and the ratio will produce a linear response.

Appendix A.6 provides step by step procedure in ArcMap for applying the log ratio algorithm.

5.2.7. Selection of Reference Soundings

In order to calculate the gain and offset values (Equation 3), the algorithm results were
compared and correlated to the chart soundings. Typically, the two main considerations for
selecting reference soundings are (Figure 13): 1) a source diagram that indicates the survey
period and the survey technology and 2) a visual correlation between the optically-driven
bathymetry and the chart’s contours and soundings. Although the instantaneous water level at
the time of satellite image acquisition is very unlikely to coincide with the chart datum (e.g.,
Mean Lower Low Water (MLLW) or Lowest Astronomical Tide (LAT)), there is no need to
measure the tide height during the image acquisition, because this is automatically accounted
for using control points that are selected from a nautical chart to determine the transformation
parameters. Differences in water levels are usually well approximated as a vertical offset and do
not impair the linear relationship between chart soundings and ratio algorithm output.

p——ry T P e ™ T L T
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« |o Shallow Water
@ Extremely Shallow | =

Figure 13. An example for sounding selection based on the algorithm results and the
source diagram (Port-au-Prince, Haiti).

5.2.8. Evaluating the Extinction Depth, Gain, and Offset

The averaged values of the optically-driven bathymetry were plotted against the chart soundings
and the satellite-derived bathymetry (Figure 14). This plot facilitates the identification of the
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extinction depth, which is the boundary between visible seafloor morphology (optically-shallow
waters) and the suspended sediment area and/or the optically-deep area. In the optically shallow
waters, a linear trend is noticed between the chart soundings and the satellite-derived
bathymetry from which the gain, m;, and offset, my, are extracted. Although it is possible to
identify seafloor features beyond the extinction depth, it is hard to provide a reliable depth
measurement on these features.

Optically-deep waters Optically-
shallow waters
No Sediment plume Sediment plume 117

-
.. + e + *

-
*
-
*
-
-
“
*
-
“’
-
L2
‘ L
1
o ¥
.
*
3
g
* .
*
lgorithm Result

Extinction
depth -

Figure 14. A schematic illustration of the statistical analysis at the calibration site using
the Blue-Green Stumpf et al. (2003) algorithm with a low-pass filter. Top part of the
image shows the scatter plot of the algorithm’s results as a function of the chart sounding
(MLLW). The bottom part of the image provides a possible explanation for the algorithm
results and their relation to the depth of extinction.

Appendix A.7 provides step by step procedure in MS Excel for the calculation of the extinction
depth, gain and offset.
5.2.9. Vertical Referencing of the Algorithm Result to the Chart Datum

After fitting a linear trend through the scatter plot for depths shallower than the extinction using
regression analysis, the gain and offset values are calculated. Thus, the algorithm result is
referenced to the chart datum. In cases where the unit of the chart are mixed (fathoms and feet),
it is better to convert the sounding to one set of units (e.g., decimal fathoms).

Appendix A.7 also provides step by step procedure in ArcMap for applying gain and offset to
the algorithm result.

5.2.10. Statistical Analysis

This last step is a quality assurance for the procedure that includes an internal evaluation and an
external evaluation. The internal evaluation is namely the correlation coefficient calculation that
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indicates the linearity between the datasets, also known as R? (Pearson correlation coefficient).
Also, changes in gain and the offset values are assessed by changing the depth range used for
fitting a linear trend. The internal evaluation allows assessing of the relative accuracy of the
results. The external calculation is a statistical comparison with a visual illustration (e.g.,
histogram and scatter plot) between the final bathymetry product and the soundings. The
external evaluation allows assessing the absolute accuracy of the results.

Appendix A.8 also provides step by step procedure for conducting a statistical analysis.
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6. RESULTS
6.1. Port-au-Prince, Haiti

Two satellite images were acquired over Port-au-Prince: 1) Landsat 8 image from April 16,
2013 and 2) WV-2 image from June 14, 2013. The satellite algorithm was referenced to Mean
Lower Low Water (MLLW) using the ENC sounding layer (S-57 SOUNDG feature) derived
from NGA Charts 26186 ("Approach to Port-au-Prince," Scale: 1:50:000) and 26184 ("Port-au-
Prince," Scale: 1:10,000). The specific soundings that were used to derive bathymetry were
sampled from the offshore area south of Port-au-Prince. This area was surveyed in 2010 by the
U.S. Navy at a scale of 1:1,000 (Archive No. SF401024). The final bathymetry product was
clipped to the coverage area of NGA Chart 26184 (Figure 15).

2 - Value
S . High:18

Low:0

eS| e SRUEGREM

Figure 15. Satellite-derived bathymetry using WV-2 over Port-au-Prince, Haiti overlaid
on NGS Chart 26184.

The algorithm results from both satellite imagery looked similar to the chart bathymetry (R*=
0.82). The calculated extinction depth is around 14.5 m below MLLW for Landsat 8 and around
18 m for WV-2. The environmental issues identified in the image are water turbidly that
occurred at the mouth of several rivers (e.g., Riviere Froide and Grande Riviere du Cul de Sac)
(Figure 16). Such turbidity may be misinterpreted as shoal areas in the satellite-derived
bathymetry procedure. In addition to the environmental issues, there seems to be a striping effect
based on the WV2 scanner. This artifact does not affect the final results.
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Figure 16. Sediment plume output from Riviere Froide observed as shoal in the satellite-
derived bathymetry procedure.

6.2. Baie de I'acul, Haiti

Two satellite images were acquired over Baie de 1'Acul: 1) Landsat 8 image from August 1,
2013 and 2) WV-2 image from Oct 16, 2012. No cloud cover was observed in both satellite
images. The satellite-derived bathymetry algorithm was referenced using the ENC sounding
layer (SOUNDG feature) derived from NGA Charts 26142 ("Approaches to Cap-Haitien and
Bahia de Monte Cristi," Scale: 1:75:000) and 26148 ("Baie de 1'Acul and Approaches," Scale:
1:20,000). Bathymetry was derived from the offshore areas Labadee Nord (east of Cap-Haiten)
in the area overlapping the two satellite images and was referenced to the chart datum
(MLLW). The final bathymetry product was clipped to the coverage area of NGA Chart 26148
(Figure 17).
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Figure 17. Satellite-derived bathymetry using Landsat 8 over Baie de 1'Acul, Haiti
overlaid on NGS Chart 26148.

The extinction depth for both Landsat 8 and WV2 satellite imagery was calculated at about 16
m below MLLW. Although the survey period between the satellite imagery (2013) and the
surveys used within the chart (1916) are almost 100 years apart, it seems that the algorithm
results from both satellites are similar to the charted bathymetry (R* > 0.95). A closer look at
three sites (Figure 18) shows that the area of the charted shallow coral reefs has grown and
additional shallow reef may be present (Figure 18, left image). The water clarity outside of the
bay's straits seems to be clear.
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Figure 18. Close inspection sites that were used evaluate the chart's bathymetry.
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7. DISCUSSIONS

The use of commercial satellite imagery to evaluate the bathymetry of charts over Haiti seemed
to be successful. Both datasets of satellite imagery (Landsat 8 and WV-2) provided similar
results. The main difference was the resolution and coverage between the two sets of imagery.
Landsat 8 imagery provided a larger coverage (swath width of 185 km), whereas WV-2 has a
swath width of 18 km. It is recommended to start the procedure with Landsat 8 imagery because
a single image can cover an area displayed by a 1:75,000 chart (Figure 19) and 4 to 6 Landsat 8
images can cover Haiti in its entirety.

Figure 19. Landsat 8 versus WV-2 coverage over Port-au-Prince, Haiti. A WV-2 image
(IR band) overlaid on NGS Chart 26184 (1:50,000). The NGA chart is overlaid on a
Landsat 8 image (RGB image).

WV-2 imagery is useful when inspecting anomalies in the bathymetry (e.g., shoals). Although
Landsat-8 can indicate the presence of a shoal, its ground resolution is coarse (28.5 m). The
high resolution of WV-2 (~ 2 m) allows a closer inspection of the anomaly at a resolution that is
greater than the chart's scale. Figures 20 and 21 provide a visual comparison between Landsat 8
and WV-2 over shoal water areas.
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Figure 20. Bathymetry derived from Landsat 8 imagery (left) and WV2 imagery (right)
over a shoal in Port-au-Prince, Haiti.

Figure 21. Bathymetry derived from Landsat 8 imagery (left) and WV2 imagery (right)
over a shoal in Port-au-Prince, Haiti.

Based on the results in Port-au-Prince, Haiti, it is important to identify clouds and sediment
plumes in the imagery. These areas should be masked and should not be used in the comparison
between the satellite-derived bathymetry and the chart. Otherwise, errors in bathymetry might be
introduced.

The procedure was able to evaluate historical survey data on the charts and confirm that it is still
valid for safe navigation. Although satellite-derived bathymetry is a reconnaissance tool that
cannot confirm or disprove a sounding with complete confidence, it can focus resources to
refined areas on the chart.
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8. RECOMMENDATIONS

The current recommendation is that no further action is required.
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APPENDIX A. SATELLITE DERIVED BATHYMETRY PROCEDURE

A.1 Downloading Satellite Imagery
A.1.1 Downloading A Landsat 8 Imagery

Open a Web Browser and go to http://earthexplorer.usgs.gov/. Login into your account (the
Login button is upper right corner of the window).
e - ]

SRR D eartoplorwangagor

n an adress of place
& map to define your

Note: The service is free, but the website requires user to login. Users that are accessing this site
for first time need to register (the Register button is upper left corner of the window).

Zoom into the desired region. Create a square around the desired region by clicking on the
corners of the area. The polygon vertex coordinates will appear in the Search Criteria tab.

Search Criteria Summary (Show) Clear Criteria

1. Enter Search Criteria

To narrow your search area’ type in an address or place
name, enter coordinates or click the map to define your
search area (for advanced map tools, view the help
documentation), and/or choose a date range.

panson | reor

B (18° 05'56°N, 073" 35" 18" W) J§ Options.

==

Predefined Area

s "l Cecimal

[1. Lat: 10° 05 35, Lom 073° 027 03" w .f8:
I 2. Lat 18° 33' 37" N, Lon: 073° 08' 49" W 3 |
3. Lat 18°20' 10" N, Lon: 072° 11" 28" W /R
4 Lat 16 55 18", Lom: 0727 08 20" W /R |
.
Result Options

Search from: 01/01/1920 = to: 11/26/2013 =

Search months: (31 -
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Alternatively, type in a location you are interested and the country in the Address/Place located
under the Search Criteria tab and click on Show. Select the site of interest from the a list of
possible sites with similar names and the location will be shown on the map

Search Criteria |*EIERL

1. Enter Search Criteria

To narrow your search area: type in an address or place
name, enter coordinates or click the map to define your
search area (for advanced map tools, view the help
documentation), and/or choose a date range

patRow | Feshre

Pont-au-prince, Hait|

On the top left side of the screen, click on the Data Sets tab.

Hesis
Search Crieria | [EFTETTTE

2. Select Your Data Set(s)
Check the boxes for the data set{s) you want 1o search.

When done selecting data set(s), chck the Additiona/
Criterig or Resulfs buttons below. Click the plus sign

next to the category name to show a st of data sets,
[0 Use Dala Sel Prefiler (Whats The?)

Drata Sel Search:

Expand the Landsat Archive and select L8 OLI/TIRS for Landsat8 imagery.

Search Creeria Addiional Criteria || Resuls

2. Select Your Data Set(s)

Check the boxes for the data set(s) you want to search
When done selecting data set(s), click the Adaditional
Criteria or Resuits buttons below. Click the plus sign
next to the category name to show a list of data sels

‘ L Use Data Set Prefilter (whats This?) ‘

Data Set Search ‘

+ Digital Maps L)

HEO1

+ Forest Carbon Sites

+ Global Fiducials

+ Global Land Survey

+ HCMM

+ JECAM Sites

+ Land Cover

- Landsat Archive [J
|} il LB OLITIRS Pre-WRS-2
[ @y LT ETM+ SLC-off (2003-present)
|| @ LT ETM+ SLC-on (1999-2003)
|14 LT ETM+ Intl Ground Stalions (Search Only)
FloLss™
7l L1-5 WSS
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Select the Results tab.

EarthExplarer

Huorma

Sgarch Crlena Crata Sels mdditional Cnbgna

4 Search Results

If you selected more than one data set to search, use the

dropdown 1o see the search results for each specific data
sel

Note: You must be logged in io dowmoad amnd order
SCEMNes

Show Result Controls =

Scroll down and look at the quick view results. Select the download icon of the desired data set.

4. Search Results

I you selected more than one dala sel lo search, use
the dropdown 10 560 the search results for sach spacific
data set

Show Resull Controls

Data Set e b0 wpertpour st » o | [
L8 OLITIRS

ity I0:LC300904T2013 14BLGHO0.
7249678
.13

Coordinates: 1876717,
Acquisiion Date: 20 11
3 Patic 8
Fow: 47
VYddILHO

Uty 10 LCIG09G4T201 T 1ELGHOD.
Coortinates: 18 7072372 B4¥34

Acauisiton Date: 14-JU%413
. Pam o

Row: 47

Ydd L 80

ety K0 LCH00904T201 31 ILGHOD.

Coortinates: 18 78726728408
Acuisition Date: 30-JUr-13

s Patic 8
Fow: 47

VYddJLEO

Before selecting the image, it is possible to preview the image by clicking on Show Browse
Overlay.

Entity ID: LC80090472013165LGN00
Coordinates: 18.78723,-72.84994
Acquisition Date: 14-JUN-13

4 Path: 9
Row: 47

Yd v a0

Select Download to display the area you are interested to process.

Entity ID: LC80090472013165LGNO0
Coordinates: 18.78723,-72.84994
Acquisition Date: 14-JUN-13

4 Path: 9
Row: 47

Yedd |80
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Select Level 1 GeoTiff Data Product and press Select Download Option.
-

Please select from the following download oplions:
_' LandsatLook "Natural Color® Image (5.4 MB)
! LandsafLook “Thermal® Image (1.4 MB)
* LandsatLook "Quality" Image (7121 KB)
7 LandsatLook images with Geographic Reference (7.6 MB)
@ Level 1 GeoTIFF Data Product (893.8 MB)

Select Download Option Cancel

Press Download in the Download Scheme window.

Download Scene 3¢ |

Click the download button to download Scene ID: LCB0120302013186LGNO0

| Daownlaad || Close |

Save the file in your data directory and press OK. Make sure to unzip the chart to your data
directory.

You have chosen to open

B epp012r030_720000927 tar.gz

which is a2 WinRAR ZIP archive (329 MB)
from: http://dds.cr.usgs.gov

What should Firefox do with this file?

() Openwith | WinRAR (default)
i Save File

Do this automatically for files like this from now on.
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A.1.2 Downloading A WV-2 Imagery

For Internal U.S. Federal Use Only - Documentation Is Provided As A Separate File

A.2 Setting up the GIS Environment
Open ArcMap.

Depending on your set up, you may get the following window. Press OK.

% ArcMap - Getting Started

Q

Cpen existing map or make new map using a template

[=)- Existing Maps
Browse For more...
(= Mew Maps
My Templates
= Templates T
[=-standard Page Sizes J
Architectural Pag
130 (40 Page Siz
Marth American |
(=) Traditional Layouts
Industry
LS4
world
Browse For more...

My Templates

EBlank Map

| | ®)

Ci\Documents and Settingsishachak)Application Data\ESRIDeskiopl0.04Arctap) Templatesitormal. mxk

Default geodatabase for this map:

Wwhat is this?

| CiDacuments and SettingsishachakiMy Documents) ArcaIsDefault.gdb

a|=)

[ Do not show this dislog in the future.

oK

==

Select Extensions...Under the Customize

Tab.
Customize | Windows  Help
Toolbars 3
| Extensions. .. |

Add-In Manager. ..

Customize Mode, .
Skyle Manager. .

ArcMap Options, ..
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In the Extensions window, mark Spatial Analyst. Press Close.

Extensions

Select the extensions vou want to uze,

30 Analyst

ArcScan
Geostatistical Analyst
M aplex

Metwork Analyst
Fublisher
Schematics

Spa :t
Tracking Analyst

OoROoOoOoooon

Drezcription:

Spatial Analyst 10.0
Copyright ©1993-2010 ESRI Inc. All Rights Rezerved

Provides zpatial analyzis tools for uze with raster and feature data.

About Extensions

Activate the Toolbox by clicking on the icon in the upper toolbar.

B

Click on file and open Map Document Properties. Check the box for Store relative
pathnames to data sources and click OK.
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Map Document Properties

General

File:

Title: | Healy2007

Summary:

Description:

Author: | Field

Credits: |

|
|
Tags: | |
|

Hyperlink base: |

Last Saved: H/29/2011 5:26:27 PM
Last Printed:
Last Exported:

Default
izendatabase; 2 Documents and SettingstamorrisiMy Documen @

Pathnames: Store relative pathnames ko data sources

Thumbnail: Make Thumbnail Delete Thumbpail
o

A.3 Loading the Datasets in ArcMap
A.3.1 Satellite Imagery

Note: Landsat imagery is typically download as separate imagery files and not as a RGB image.

Load the satellite data to ArcMap by selecting Add Data...
|+ addpata.. I

Navigate to your directory and select the satellite image in the Add Data window and select Add
button. The Blue, Green and Infrared band in Landsat 8 are numbers as: * B2.tif, * B3.tif, and
* B6.tif, respectively.

| Add Data i

|1ookin: 2] Landsa8_Sekond BB E-Bladcw

EBiciswsnannicen BLTF  ESLCRIS057201 31171 GNDL_ B8 TIF
IS Lca19405720131170GN01_BI0TF  ESLCE194057201311 7L GNDL_BO.TIF
BB CR194057201 311 TLGNM._BILTIF B0 CR194057201 31171 GNDL_BQA.TIF
LIS T 31ITLGNDL B2 TIF =1 LCEISH0STA01 311 TLGNDL MTL bt
LCR194057201 31171 GNOL_B3 TIF
| CRIG0S T2 311 TLGNDL_BA. TF
[ Lca15405720131171 GNDL_BS.TH
LCRI94057201311 7L GNOL_B6.TF

S LCB194057201 31 17LGNDL_EB7.TF

Mame: LOBIS0ST0 131 1A GND1_ B2.TIF; LCB 1SS0S 1311A G

Show of YDE: | Datasets, Layers and Results - Cancel
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Note: If your imagery is not on your computer, you will need to use the Connect to Directoryin
otder to link your project to your computer.

[+

In case you are asked to create pyramids, press Yes.

Create pyramids for p012r030_7t200009... [X]

Thiz raster data source does nat have pyramids, Pyrarids allow for rapid display at
waming resolutions.

Pyramid building may take a few moments.
Would vou like to create pyramids?

| Yex |’ Mo ] [ Cancel

[] Use my chaice and do not show this dialag in the future,

Save your project by selecting File/ Save As... .

& Untitled - ArcMap - Arcinfo

ﬁ‘Edit View Bookmarks Insert
O New... Ctri+N
& Open... Ctrl+0
Save Ctrl+S

Save A Copy...

Add Data ’
Sign In...

ArcGIS Online...

Page and Print Setup...

Print Preview...

Print...

Create Map Package...

Export Map...

B B

B dE D

G

Map Document Properties...
Exit Alt+F4

The satellite imagery will be loaded with black background.
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Right click on the image layer and select the Properties... button.

= p012r030_7t200009. @ Copy
Yalue
High : 255 X Remove
Low : 0 Joins and Relates 4

" Zoom To Layer
# O p012r030_7t20000927 _2159_hn2

# [0 p012r030_7t20000927_219_nn3]

+
& O p12r030_720000927_219_nn4] & Z00m To Raster Resolution

Value Visible Scale Range 4
High : 255 Data b
Edit Features »

Low : 0

* Save As Layer File...
W Create Layer Package...

|ﬁ Properties... |

In the Symbology tab, mark the Display Background Value (in this case black is when the value
is 0).

Layer Properties.

Genersl | Source | Key Metadats | Exent | Dispiay  Symbology

Show: =
Stretch values color A
T - wal along a ramg =

Color Vehe  Label Lzbeing

Color Ramp: _ e
4 | Dispiary Background Vahe: 0 =]
v 1Use hilshade effect Dispiay NoData a2, )
) Stetch
Type: Percent Oip = Histograms
Lo == =
E mn: 035 ma: 0.5 il
About symbelogy ¥ Apply Gamma Stretch: L6042 -

[ ok || caca || Aok
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Press the Apply button and then the OK button in the Layer Properties window. Now the layer is
without the black background. Repeat steps to remove background for the other layers.

A.3.2 Nautical Chart

Load the nautical chart to ArcMap by right-clicking on the desired directory and select Add
Data...

|+ addpata.. |

The chart is displayed over the satellite imagery.

Right click the chart layer and select properties.
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T Contents

Table

EEEEE

= & Layers

= 2 S
= = poiarod o

vals X | Remove

High | [

l Joirs and Relates ]
Loww ;@
& Zoom To Layer

@ O potarod -
® O phizrod ## Zoom Tao Raster Resolution

= O polz2ro3 Yisible Scale Range ¥
Walu
Data 3
High |
l Edit Faatures v
Low ;| <% Sawe A5 Layer Fik,..
@’ Create Layer Packags,..

Select the Display tab and set the Transparency to 30% and press OK.

| | General | Source | Key Metadata | Extent | Display | Symbology |
|

Show MapTips
Display raster resolution in table of contents
Allow interactive display for Effects toolbar

Resample during display using:
[Nearest Neighbor (for discrete data) -

Orthorectification
Contrast:
- [ ortheorectification using elevation

Brightness: (@ Constant glevation:

Transparency: DEM [ bath3_m_nl0

Elevation adjustment

Coarse Medium MNormal

Geoid: ]

The chart will appear and also the imagery layer below. Make sure the satellite and the chart are
registered correctly.
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A.4 Horizontally Referencing

It is important to check if the chart and the satellite imagery overlap well. If not, select the Zoom
In (magnify) icon.

O]

Zoom in to location where the shoreline (or road junction) in the satellite imagery is also
identified on the chart. In this case, the charted shoreline and satellite imagery match.




If the chart and imagery do not align, proceed below. Note: For the purposes of this procedure,
an example of an unreferenced UKHO chart has been used.

Select Data Management Tools/Projections and Transformations/Raster/Warp in the
Toolbox window.

= @ Data Managemerit Tools
+ & Data Comparison
# & Database
+ & Distributed Geodatabase
# & Domains
# & Feature Class
© & Foatures
# B Fields
+ & File Geodatsbase
w & Gerneral
# & Generalization
+ & Graph
# & Indexes
& & Joins
+ & Layers and Table Views
# & Package
=N Projections and Transformations
« & Feature
= B Raster
N Flip
Mirror
. Project Raster
« Rescale
Rotate
. Shift

-
Load the input raster (i.e., the satellite imagery) as Input Raster in the Warp window. Note the
horizontal reference system used for the satellite image in the output raster dataset (in this

example, WGS-84).

M=
Input Raster
| GiiSatelite_Derived_athymetrylUKHO_3321.jpg | @
& Source Control Points
& Coordinate ¥ Coordinate
\ || \
L]

« Target Contral Paints
% Coordinate ¥ Coordinate

Output Raster Dataset
| =/iDocuments snd SettingslshachakiMy Documents|ArcGIS\Default gdb|UKHO_3321_wad] | &
Transformation Type (optional)
| POLYORDER L v
Resampling Techingus (aptional)
| NEAREST v

ok ][ cancel | [Environments... | [ showHelp > |

From the main view in ArcMap, start logging in the locations of the satellite image as Source
Control Points and the chart position as Target Control Points into the Warp window. Collect
more points around the satellite image.
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- Warp =] ri

Irgast Raster

GjSatulte_[ursend]_bathyreetry VHO_TX 50 "—"'_I

Scarta Control Pairts 5=

K Coondnba ¥ Cosetirate

1240 2] 6250 415

*|
kS
ki
3

Tyt Corkrd Ponks

& Craordinats ¥ Copadinetes

sEmnE il

&
t|
4

Ctpak Boxter Cutaret

CfCmoumants ared Sattings!shachad My Cocurents Ao TiEwh sl g LKHC_T121_ 4 ﬂ

Tenretemation Trpe npiorel)

FOLPEDERL L

Easanping Techrgue (ageonal)

HERREST -

Lo [ cowel | [Emworewnis... | [ Sow e en |

Note: Make sure to collect at least four points around the chart for a good referencing. Also
make sure that the order of the target and source control points match.

After you have sampled the control points, make sure that the Transformation Type:
POLYORDERI1 and press OK in the Warp window.

e B
[P g e e e—T T b"-l
Source Contred Panty
= Conmdinusbs F Commrinube
1243 23 B2 B E
1346, 169 1641, 553 ﬂ
1352 00 6888, 775 xl
75,152 8885, 173
12131 A0 BT 05
| 057 415 1607673 ﬂ
A7, 152 -1631.395 J
+
Targe, Contr Poets
® Coordinate ¥ Coordingts
+
L]
i
4|
Catgast Rorstes Dot nost
C:Afiarumants wns Sattregr shacak! My Dot rcG1TiCshal. prbd KHO_1001_Wed B
Traruloamadion Ty | sptimra
POLYCEDER] v
Plesanplg Techingus [optionsl
FESAEST -
I o I: Carcai e
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The warped image is now referenced to the horizontal reference system of the chart

Lot NI 000 e P -

Pl e

W] = h
awar '.""

e W

s ik b W L

[ Efus] | fefire

After the image has been warped, a reference system is assigned to the new file. Select Data
Management Tools/Projections and Transformations/Define Projection in the Toolbox
window.

1
+ @ Data Maragomaent Taak - L

» W Cata Compar son

+ W Database

o B Dsrituiind Geodatabas

# B Domains

& W Feare Class

o B Paaires

i W Ficis

w B File Geoclatabass

w B General

o B Generalzabon

# B Gragh

# B Indaues

o B s

# W Layers ard Tabke Views

+ W Paciage

= B Projections and Transformations

# B Fealra
& W Feaater
i Correert CoOrdinate Nobation

Crasts Custom Geogriaphe Tia
A, Crests Spalial Referance
- T

o W Raster

A

Load the warped image into the Define Projection window and press the Select Reference
Properties.
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Input Dataset or Feature Class

\ Define Projection 5

Coordinate Syskem

| Unkniown |I HI
4

OF ] [ Cancel ] [Environments...] [ Show Help == ]

[ KHO_3321_iwia4 | El
—

Press the Select... button in the Select Reference Properties window. In this example the
reference system was Geographic Coordinate System/World/WGS84.prj.

Spatial Reference Propert

®¥ Coordinate System ‘ 2 Coordinake System |

Marmne: | Unknown |

Dietails:

Select a predefined coordinate system.

Import & coordinats systsm and /Y, Z and M

domains from an existing geodataset (g0,

feature dataset, feature class, raster).

Mew  v| Create anew coordinate system,

Edit the properties of the currently selected
Madiy. ..
o coordinate system.
Clear Sets the coordinate system to Unknown,
Sawe As... Save the coordinate system to a
File.

o

After selecting a reference system, press OK.

tial Reference Properties

®Y Coordinate System ‘ Z Coordinate Syskem |

Nane: | GCS_Wi5_1984

Details:

Angular Unit: Degree (0,01 745329251 9943295)
Prime Meridian: Greenwich {0.000000000000000000)
Drabum: D_WiE5_1984
Spheraid: WGS_1984
Semimajor Axis: 6378137, 000000000000000000
Semiminor Axis: 6356752.514245179300000000
Inverse Flattening: 298.257223563000030000

Select a predefined coordinate system,

Import a coordinate system and /%, Z and M

domains from an existing geodataset ie.g.,

feature dataset, Feature class, raster),

Create a new coordinate system,

Edit the properties of the currently selected
coordinate system.

Sets the coordinate system to Unknovin,
Save the coordinate system to 3

le.

Mew T

[sT3 Cancel Apply

48



Finally, press OK in the Define Projection window.

‘\ Define Projection |:||E|E|

Input Dakaset or Feature Class

[UKHO_3321_wB4 -] &

Coordinake System

| GC5_was_t9sd | |
e

I Ok I[ Cancel ] [Environments... ] [ Show Help == ]

Load the new warped satellite image into the project.

A.5 Land/Water Separation
A.5.1 Calculating the Water Threshold Value

Note: There are several ways to calculate a threshold value for land/water separation. Three
common options are: 1) Profile, 2) Identify, and 3) Histogram. A recommended approach is
using the profile option, but this requires 3D Analyst (not all users have this option under their
current ArcMap license).

Option 1: Profile (using 3D Analyst)

Select Extensions...Under the Customize Tab.

Customize | Windows  Help

Toolbats 3

| Extensions. .. |

Add-In Manager...

Customize Mode, ..
Style Manager...

ArcMap Cptions. ..

In the Extensions window, mark 3D Analyst. Press Close.
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Extensions @

Select the extenzions you want to uze.

:

30 Analyst
[ acScan
[0 Geostatistical Analyst
[0 Metwark Analpst

[0 Publisher

[ Schematics

Spatial &nalyst

Description:

30 Analyst 101
Copyright €1993-2012 E=ii Inc. All Rights Reserved

Pravides tools far surface modeling and 30 visualization.

Cloze

Activate the 3D Analyst tool bar under the Customize/Toolbars.

| 30 Analyst
Custormize | Windows  Hely Advanced Editing

| Toolbars » | Anirnation

Select the infrared band (* B6.tif in Landsat 8).

131100LGMN0T_

Press the Interpolate Line icon in the 3D Analyst toolbar.

=

Make sure that the infrared band is visible in the project. Using the left button, draw a line that
crosses from land (bright areas) into the water (dark areas). Finalize the line by double-clicking
the left button.
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After drawing the line the Profile Graph icon in the 3D Analyst toolbar will be active. Press the
Profile Graph icon.

v

The result will be a plot that can be used to extract the land/water threshold. The smooth section

with low values represents water, whereas the fluctuation high value areas represent land. In this
case the threshold value is around 7000 (Landsat 8 image).

Profile Graph Title

Profile Graph Title
Pl

——

g

Option 2: Identify

Activate only the infrared band (* B6.tif in Landsat 8).
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Table Of Contents x
=[0G 8 =
- 5
5 A Temp_files
= @ 14jun2013
# [0 LCB0090472013165LGN00_BL.TIF
# O LCB0090472013165LGMN00_B2.TIF
5 O LCB0090472013165LGNOO_B3.TIF
# [0 LC80090472013165LGMN00_B4.TIF
# [0 LCB00S0472013165LGN00_B5.TIF
= [ LCB0090472013165LGN00_B6.TIF

Value
High: 47597

Low:0

# [0 200ct2013

Select the Identify icon

Click on several location over the water and write down the values. Then, click on several
location over the land and write down the values. The threshold value should be between the
water values and the land values.

Option 3: Histogram

Right click on the infrared layer (in the Table of Contents) and select the Properties... button.
@ Copy

X Remove

g Open Attribute Table

Joins and Relates »

'._;> Zoom To Layer

Wisible Scale Range 3
Use Symbol Levels

Selection 3
Label Features

Edit Features 3

Convert Symbology to Representation, ..

Data 3

3

”
W

Save As Layer File,..

Create Layer Package. ..

29 <

Properties. ..

Activate the Symbology tab. Under Stretch, select Type: Custom.
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Layer Properties

| General | Source | Extert | Display | Symbalogy
SROWE: 5 b i b s s s Istretch values along a color ramp
Unique Yalues
lassified
~
Discrete Colar il
Color Walue  Label Labeling
[ High: 255 |
| Low i 0 | 3
cloreare: | g
Display Background Yalue: ljl as =
[use hillshade effect z Display NoData as([—] |
Stretch
Type: |Nnne e’ | Hiskogrars
Mone
e — e
|5tandard Deviations
[apply G Histograrm Equalize 1 ~
Minirnum-Maxirmurn =
Histngram Specification
Percent Clip ] Cancel Apply

The following message will appear. Press Yes.

Compute Histogram

Histogram doesn't exist. Do you want to compute histogram?

2

o

Press the Histograms Button.

Layer Properties

| Gereral | Source | Extent | Display| Symbalogy
Show: |strel:ch values along a color ramp
Unique Values
-~
Calar Yalue  Label
25 | High: 255 |
0 | Low : O | 3
coer o | vl
Display Background Yalue: ljl as 8|
[Juse hillshade ffect zl1 | Display MoData as(]|+]
Stretch
Type: | Custom Histograms
|:| Invert
Apply Gamma Skretch: -
[ Ok ] [ Cancel ] [ Apply ]

The Infrared Histogram will have two distinct peaks, one represents the land values (i.e., large

values) and the other peak represents the water (i.e., values closer to 0).
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Histogram for LCB0090472013165LGNOO_B6.TIF =)
[ A bl |
Vvalue
Statistics
min: 0.00
max: 47597.00
mean: 8020.11
std. deviation: 6926.04
Info
: Input:
.
0 Output:
: Count Out:
Count In:
0 23798 47597
]
o) Com)

Move the mouse around the graph to determine the threshold by reading the input value (For this
Landsat 8 layer it is about 10000). This is the threshold value that will be used to generate the
water subset mask.

A.5.2 Generating a Water Subset

Convert the infrared band into float format, by selecting Spatial Analyst Tools / Math / Float
from the toolbox.

= @ Spatial Analyst Tools
+ B Conditional
+ & Density
+ t- Distance
+ & Extraction
+ & Generalization
+ B Groundwater
1 W Hydrology
+ & Interpolation
+ & Local
+ & Map Algebra
= & Math
# & Bitwise
+ & Logical
+ & Trigonometric
“, Abs
Divide
Exp
Expl0
, Exp2
Float

L Y

In the Float window, select the infrared band (* B6.tif in Landsat 8) and type in an output raster.
Press OK.
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Input raster or constant walue :
|pO12riE0_7t20000027_219_nndd i =i @l
Cukpuk raster
|G:'l,Satellite_Derived_bathymetry'l,Band_IR | @ T
s
[ a4 ] [ Cancel ] [Environments... ] ’ Show Help =2 ]

Repeat this step also for the blue (* B2.tif in Landsat 8) and the green (* B3.tif in Landsat 8)
bands.

Input raster or constant value

| po12r030_7t20000927 _219_nnlo.tif Rd ﬁl
Qutpuk rasker
|G:'I,SatelIite_Deri\red_bathymetry'l,band_b | @ i
M
[ K, ] [ Cancel ] [Environments... ] ’ Show Help =2 ]

=]

Input raster or constant value

| po12r030_7t20000927 219 _nn20.tif Rd ﬁl
Dukbput rasker
|G:'|,SatelIite_Derived_bathyrnetr\,f'l,band_g | @ B
hi
[ [e]'8 ] [ Cancel ] [Environments... ] ’ Showe Help =2 ]

Next, apply a low pass filter by selecting Spatial Analyst Tools / Neighborhood / Filter

= & Spatial Analyst Tools

+ & Conditional

+ W Densiby

# & Distarce

# & Extraction

+ & Generalization

= & Groundwater

& Hydrology

= & [nterpolation

# & Local

+ & Map Algebra

= B Math

# B Multivariate

= & MNeighborhood
“, Block Statistics
il ter
“ Focal Flow

In the Filter window select the infrared band in float format and output raster. Also make sure
the Filter type (optional) is LOW. Press OK.
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~ Filter

Input raster

|Band_Ir | @
Qukput rasker

|G:'I,Sate||ite_Derived_bathymetry'\B_ir_LPF | @
Filter bype {optional)

[ Low v|

lgnore Mol ata in calculations [optional)

[ K ] [ Cancel ] [Environments.‘. ] [ Show Help =

Repeat this step also for the blue and green float files.

Input raster

[band_b = @
Dukput rasker

|G:'LSatellite_Derived_bathymetry'LB_b_Ipf ‘ @
Filter bype (optional)

[Low v|

|gnare Mol ata in calculations [optional)

OF ] [ Cancel ] [Environments...] [ Show Help == ]

~ Filter

Input raster

|band_g ] @
Output raster

|G:'I,Sate||ite_Derived_bathymetry\B_g_Ipf ‘ @
Filker type {optional)

[ Low 3

|gnare Mol ata in calculations [optional)

[ O ] [ Cancel ] [Environments... ] [ Show Help ==

Remove the land from the blue and green imagery, by selecting Spatial analyst Tools /
Conditional / Set Null in the Toolbox window.

=@ Spatial Analyst Tools
=& Conditional
# Con

Fill the Set Null window as follows for the blue band and press OK. Make sure that the threshold
value in the expression is the value calculated in the histogram.
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Input conditional raster
[6_ir LPF R

Expression {optional)

| value = 13 | @

Input False raster or constant value

[e_b_Ipf d @
Output raster
|G:1,SateIllte_Derlved_bathymetry\uw_blue | IEl

OF ] [ Cancel ] [Environments.‘. ] [ Show Help == ]

After the Set Null process has finished, press Close.

Set Null (x

Completed

[ clase this dialog when completed successFully

subzet _blue C:hshachalkhGIZ\uw blue ~
TYALUET > 18" - =
Start Tiwe: Tue Mar 06 20:47:24 2012
Succeeded at Tus Mar 06 20:47:32 2012
[Elapsed Time: §.00 seconds)

Repeat this step also for the green band
\ Set Null (=13

Input conditional rasker
[p_r_LPF &

E:xpression {optional)

| value = 13 | @

Input False raster or constant value

|B_g_lpf =1 g
Output rasker
|G:\Satellite_Derived_bathymetry\UW_green | @

OF ] [ Cancel ] [Environments.‘. ] [ Show Help == ]

The new green and blue layer should contain areas only above the water.
Note: Make sure that the Display background value is set to 0 in the layer Properties.

A.5.3 Glint/Cloud Correction

Note: The step is intended to correct radiometric contribution from low altitude clouds and glint
from the Blue and Green band.

Open the ArcCatalog, by clicking on the following button.
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Tl

Right click on the folder where the layers are being saved and select New and then Shapefile.

- [Catalog 3 x

G- @ E-

Locaton: [ for guide -

[ Home - Landsatd\Processed =
3 £ 06_aug 13

319 jun 13
0 benda_stuff
X pril 13_cloud
=l for niid

X Delete
Rensme
w  Refresh
Hew *

File Geodatabase | Bem Description

Folder

Perscnal Geodatabase ¢ Properties...

Datsbase Connectson.

ArcGlS Server Connection...

Bl ol

_cut
& apr_b9_cutshp
% @l apr_b_flost
o il apr b9 ho
5 B apr_cloudads
i 8l apr_clowd_bth

Layer...

Group Layer

Select Polygon as the feature type, and name the file cloud cut. Select Edit to change the
coordinate system to the one being utilized for the other layers being worked with. After setting
spatial reference, press OK.

Name

Feature Type

Spatial Reference

Description:

Projected Coordinate System
Name: WGS_1984_UTM_Zone_19N

Geographic Coordinate System:
Name: GCS_WGS_1384

<

[ Show Details

[ Coerdinates will contain M values. Used to store route data.
[ Coordinates will contain Z values. Used to store 30 data

Close ArcCataolg and return to ArcMap. Activate the Editor toolbar under
Customize/Toolbars.
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Customize | Windows  Hel Advanced Editing

Toolbars 3 Anirmation

Extensions... ArcScan r
Add-In Manager.., COG0o

Customize Mode.. Data Driven Pages

Style Manager.. Ciata Frame Tools

Archap Options.. Distributed Geodatabase

roperability Tools
ragement Tools Edit Wertices

oals Editor

Crauw

Right click on the created cloud_cut layer and select Edit Features and then Start Editing.

@ Copy
¥ B bang X Remove
& W bang
[ Open Attribute Table
B bang
2 @ ban|  Joins and Relates ,
# B band ©)* Zoom To Layer
# B bang
- ‘5'-: Visible Scale Range ]
+ 4
» 0 4 Use S5ymbol Levels
804 Selection b
# 0 4
50 4 Label Features
20 ¢ Edit Features || 2 Start Editing

If the following window appears select Continue.

/ Start editing encountered one or more layers with warnings.
1 ) Youmay notbe able to edit some layers if you continue.

‘ Name | Description

) 11ft Spatial reference does not match data frame.
11ft Spatial reference does not match data frame.
11ft Spatial reference does not match data frame.
11ft Spatial reference does not match data frame.
11ft Spatial reference does not match data frame.
11ft Spatial reference does not match data frame.
11ft Spatial reference does not match data frame.
11ft Spatial reference does not match data frame.
11ft Spatial reference does not match data frame.
11ft Spatial reference does not match data frame.
11t Spatial reference does not match data frame.
11ft_depth Spatial reference does not match data frame.
13ft Spatial reference does not match data frame.
13t Spatial reference does not match data frame.
13t Spatial reference does not match data frame.
13t Spatial reference does not match data frame.
13ft Spatial reference does not match data frame.

(i) 13t Spatial reference does not match data frame.

«

[ Do not show this dialog unless there are errars that prevent start editing.

Tip: Double-dlick error to view additional information Stop Editing

In the Editor toolbar, press the Create Features icon.

|
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A Create Features window will open. Select the "cloud_cut" feature and then select polygon.

Create Features 3 x

- <Search> -

cloud_cut
Ddaud_r:ut

[E1/|
[ Construction Tools

|<:§ Polygon

[] Rectangle

() Circle

O Ellipse

©r Freehand

I7% Auto Complete Polygon
| Auto Complete Freehand

Create a polygon over the infrared layer, which contains both dark sections and bright sections.
Create a polygon that is narrow and crosses over the dark areas in the water. To create the
polygon, click once to create a vertex point and double click on the last vertex to finish. MAKE
SURE THIS POLYGON DOES N C . ER ANY LAND.

After creating the desired polygon, select Save Edits in the Editor toolbar.

Editor-|| »

"/ Stop Editing
|E-:'"‘ Save Edits

Then select Stop Editing in the Editor toolbar.

IEditorv| » _-_." &l

‘|',/ Stop Editing
E Save Edits

Select Spatial analyst Tools / Extraction / Extract by Mask in the Toolbox window.

=] @ Spatial Analyst Tools

& Conditional

& Density

& Distance

= & Extraction
;\Q Extract by Attributes
;‘b Extract by Circle
’& Extract by Mask
;\Q Extract by Points
;\ Extract by Palygon
;\ Extract by Rectangle
;‘b Extract Multi Values tc
;\ Extract Values to Poin
;\Q Sample
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In the Extract by Mask window, Input the infrared layer as the raster layer and select cloud cut

as the mask. Save the output layer as IR _cut and press OK.

‘& Extract by hask

[E=8 B )

Input raster

[18_b6_ipf El

Input raster or feature mask data

|C\Uud_cut j

Extract by Mask )

Extracts the cells of a
raster that correspond to
the areas defined by a

Qutput rasker mask.
ENC_drivelshachak)Studentsi Current|\Eunice _TettehiGhanal IR _cut i i
| [ QK ]l[ Cancel ] [Environmants..‘ ] [ <= Hide Help [ Tool Help
Repeat the Extract by Mask command with the blue and green layers.
’&ExtractbyMask EI@
Input raster Input raster i

|uw_b\ua j

Input raster ar Feature mask data

The input raster from which
cells will be extracted.

|C\oud_cut j
Dutput rasker
ENC_drivelshachak) Students\Current|\Eunice_TettehiGhanaiBlue_cut
O ] [ Cancel ] [Enwmnments... ] [ <= Hide Help ] [ Tool Help ]

"\ Extract by hask

oo =S

Input raster

| uw_green [

Input raster or feature mask data

|C\nud_(ut j

Qutput rasker
ENC_drivelshachak) Students\Current|\Eunice_TettehiGhanaiGreen_out

n

Output raster

The output raster
containing the cell values
extracted from the input
raster.

(a3 ] [ Cancel ] [Enwronments... ] [ << Hide Help ]

[ Tool Help

Select Spatial analyst Tools / Extraction / Sample in the Toolbox window.

& Server Tools
=] @ Spatial Analyst Tools
& Conditional
& Density
& Distance
= & Extraction
"\ Extract by Attributes
"\h Extract by Circle
"“ Extract by Mask
#,, Extract by Points
"'\h Extract by Polygon
"“ Extract by Rectangle
#, Extract Multi Values to

#.,Extract Values to Point:
’% Sample
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Insert into the Sample window the Blue cut, Green_cut, and IR cut as input rasters. Select the
IR _cut as the input location raster and cloud_table as the output table. Press OK.

. Sample ==
Input rasters Sample
Creates a table that shows
< Blue_cut the values of cells from a
< areen_cut raster, or set of rasters, for
COIR_out defined locations. The

locations are defined by
raster cells or by a set of

FRE® B

points.

Input location raster or poink Features
[ cu =]
Qutput table
E\C_driveishachakiStudents\CurrentiEunice_TettehlGhanalCloud_table
Resampling technique (optional)
MEAREST -

ot ][ conel | [Envronments..] [ <<riderelp | [ Toolhep

Make sure that your view in the Table of Contents is List by Source and then open the
cloud_table by right-click on and select Open.

Table Of Contents B x
CIROE
[ &7 Layers
3 EAC_drive\shachak\ Students\Current\Eunici
# M Cloud_cut
[ EAC_drive\shachak Students\Current\Eunici
¥ [ Blue_cut
¥ B Green_cut
¥ M IF_cut
# O 18_b6_lpf
# [0 uw_green
# [ uw_blue

=) [l et drivetshachak\studentshcurrent\eunice,

Select the El button in the Table window, and select Create Graph.

Table
a9

Find and Replace

(o4

Select By Attributes... |

Switch Selechion
Select All
Add Field..

Turn All Fields On

Jm @ @:]

Show Field Aliases
Amange Tables v |
Restore Default Column Widths
Restore Default Field Order

Joins and Relates » |
Related Tables » |
dly Create Geaph...
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In the Create Graph Wizard window, change the graph type to Scatter Plot. Select Blue cut
for the Y field and IR_cut for the X field. Press Next > and then Press Finish.

£l Creste Graph Wizard
11

Graph type:
|35 Seatter Plot
LayerTabls:

Graph of ¢cloud_table

[B cloud_table -l
¥ field: BLUE_cUT -
¥ fiield {optional): IR_CUT - ’
8,000

¥ label field: <Mone - ’

5 7,000
Vertical axis: Left - a

W' 6,000
Horigontal xis: Bottom -

@ 5000

[laddtalegend  [2]3how labels (marks)

Symbol praperties 3,000
2,000
width: 1 2] style: 1,000
Height: Ty = T T T y #
6,000 7,000 8,000 a,000 10,000
IR_CUT
Scatter Plot
add ~ Load Template =

NOTE: It may take the computer more time to respond after each selection due to amount of
points in the dataset.

Right click on the graph and select Properties...

Beaph of choud_tabie &

Graph of cloud_table

Press the Add button in the Graph properties window and select New Function.
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b e -
ek (optiona ® =
Lol ke - -
whcd ass - -
Moszortal 2 Bt -
Adkd o legend oo bk [mark
Cokor Custom - I -
s fopactias
Snzh | Border
with: 1§ e Redage =
Haght
Scaites Mot
L
New Senes
- Cance
L New Funcbeon

Under the Series tab, select Scatter Plot as the source data and check the Show Labels. Press
OK.

Graph Praperties of Graph of cloud_table (===

Series | Appesrance

Function type:
[1rend -

Data source (seties):

[seater plot -
VTR to g aph fegend

show labels (raatks)

Line properties:

width:  Style: Celo:

E )

Scatter Flot x| Trend x

ok | [ Caneel | [ e

A trend-line and labels have been added to the plot. Right click on the graph and select
Advanced Properties...

Graph of cloud rable

Graph of cloud_table [T

& npood

1m0

In the Editing window, select Trend and the under the Mark tab, select the Style tab and change
the Style to X and Y values. Press Close.
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3 Editing -2 |[E3a)

N FRST
4 Series Trend - % Fast Line: Trend

Format | Marks

| Skyle ‘F\rrows | Symbal I Margins I Farmat | Earder | Text I Gradient I Shadaw I Embass | Picture|
- (3Enersl
> Biis [] visible [T &l Series visible
> - Titles
Skyle: ¥ and ¥ walues -
Draw every: 1 = [ clipped
[ it lime:
angle: 0 =
ang = [C]Font Series Colar
- Animations
L Themes Text Alon: Center i

On the graph should be two coordinate points. Record the left point values as the x; and y; (in
this example, x;=5785 and y;=9658) and the right point values as the x; and y; (in this example,
x,=10254 and y,=13811).

Graph of cloud_table (=]

Graph of cloud_table 10,264 13811193

6,000 GE00 7,000 7,500 5,000 8,500 apoo 8500 10000
IR_CUT

Create a graph and calculate the x;, y|, X, and y, for the Green_cut layer using the IR _cut layer.
Right click on the graph and select Properties...

Graph of cloud_table -]

Graph of cloud_table

13,000
12,000 v
¢
11,000 vyl
L SO N
[[£.75% 9 558 456 erity.
o Prin.
- Duplicate
o oy a1 Grnphic
w700 Pl
1 1o Layous
@ Eoo
Refresh
S,
4,000
Bt
Achaanced Proparties..,
2,000
Properties
o . . . . PR ——
000 6500 7,000 7500 8000 g0 900 9500 10,000

R_CUT

On the bottom of the Graph Properties window, select the Scatter Plot tab. Change the Y field
selection to Green_cut layer using the IR cut layer. Press OK.
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Graph Praperties of Graph of cloud_table ==

Series | Appearance

Graph type:
|25 seateer Flot -
Layer/Table:

[E cloud_tsbl: |
¥ field: [GREEN_CUT -
¥ field (optional): IR_CUT -
¥ label field: <None> hd
Vertical axis: Left h
Horigonkal axis: Eottom -

[laddtolegsnd  [7]3how labels (marks)

Symbol properties

Style: Rectangle  ~

Height: 1 =

Scatter Flot x| Trend

add -

ok ][ cancel | [ apew |

The Y axis graph has been updated to the green band. In this example, y;=7782 and y,=12342.

Graph of cloud_table =]
Graph of cloud_table

o e
10j §
9500 o
3000+ 5 ohe
5765 7.762.214

ieat o

7

GREEM_CUT

5,000 6,500 7000 7,500 6,000 5,500 000 as00 10,000
IR_CUT

Calculate the slope of the trend for the blue and green layers using the following equation:

Slope = Y2= N
X2 —Xq

Select Spatial analyst Tools / Extraction / Raster Calculator in the Toolbox window.

= @ Spatial Analyst Tools
& Conditional
& Density
&y Distance
&y Bxraction
&; Generalization
& Groundwater
& Hydrology
& Interpolation
& Local

=] %; Map Algebra
’% Raster Calculator
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Use the following equation in the raster calculator: UW_Blue - Slope * ( IR _Ipf - X; ). For this
example (slope blue: 0.93), this should be as follows:

’\Raster Calculatar EI@
"
Map Algebra expression Raster Calculator
Layers and variables o Conditional 2 Builds and executes a
Blue_cut Can E single Map Algebra
< Green_cut Pick expression using Python
IR o L Sethill syntax in a calculator-like
ol _be_ief Math interface
<>uw_grssr| Abs
O’uwfb\ue - Exp
A4 Eumin i

“up_blug” - { 0,93 * { "I5_bé_Ipf - 5785 ) )

Output raster
E:\C_drivelshachaklStudents\ CurrentiEunice_TettehGhanalblue_fix

(o] 4 ] [ Cancel ] [Envlronments‘.. ] [ << Hide Help ] [ Taal Help

Repeat the calculation for the green band wusing the following equation:
UW_Green - Slope * (IR_Ipf - X; ). In this example (slope blue: 1.02):

#., Raster Calculator El@
Map algebra expression Map Algebra
expression
Layers and variables o Conditienal =

Crblue_fix Con 5] The Map Algebra

CrBlue_cut Pick expression you want to =

<> Green_cut E Seknull run

Ot Math

Cla_be_Ipf L abs The expression is

Oum_green f comlposed by specifying

= F = the inputs, values,

<>LIW_h|LIE Comin
operators, and tools to use.

“uw_green” - { 1.02 * { "15_be_IpF* - 5785 ) )| You can typg in the
expression directly or use
the buttons and controls to
help you create it

Cubput raster

E:\C_driveshachak|Students\Current)\Eunice _Tetteh|Ghanalgreen_fix « The Layers and

- variables list =2
Ok ] l Cancel ] [Envlrnnments... l l << Hide Help ] l Tool Help

The result will be radiometrically corrected blue and green bands.

A.6 Applying the Bathymetry Algorithm
Select Spatial analyst Tools / Map Algebra / Raster Calculator in the Toolbox window.

=@ Spatial Analyst Tools
& Conditional
& Dengity
& Distance
& Extraction
& Generalization
& Groundwater
& Hydrology
& [nterpolation
& Local
=& Map Algebra

&

R

A
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In the Raster Calculator window, write the following command: Ln ( "blue fix" ) / Ln (
"green_fix")

., Raster Calculstar =N =R
Map Algebra expression ) Map Algebra =
expression
Layers and variables = Conditional o
Cralg_test Con El The Map Algebra
<>green_ﬂx Pick. expression you want to =
< uw_green Sethiull un.
> blue_fix Math
< uw_blue The expression is
- Abs o
< Blus_cut e composed by specifying
O Green_cut EXDM " the inputs, values,
= = operators, and tools to use.

Ln { "blue_fix" 3 f L "green_fix" ) ‘S:r::gi;ﬁpjr:c: ‘T’m use
the buttons and controls to
help you create it

Qukput raster
EAC_drvelshachakistudents\Current|Eunice._TetteH|GhanaiBath_sk &
YC_drivetshachakiStudentsyCurrent)\Eunice_Tetteh!GhanalBath_slg « The Layers and
i variables list i
[ ox ][ cancel |[envionments..|[ =<tiderelp | [ Toolkelp |

For visual inspection, zoom in to an area of interest (in shallow waters). Select the layer
properties from the Table of Contents.

APE+Y
==l
- Layers
o
vais (9 Copy
High :| X | Remove
W
ko Joins and Relates 3
3 O UW_greq Zoom To Layer
Valse
High :| 8 Zoom To Raster Resokition
Visible Scale Range *
Low
Data 4
2 O UA_bhe Edit Features .

Valsg Save As Layer Flle...

High : W' Create Layer Package...

vow : JB7 Properties... |

In the Layer Properties window under the Symbology tab, set the color ramp and Apply
Gamma Stretch: From Current Display Extent as follows and press Apply.

68



Layer Properties
General || Source H Entent ” Display | Spmbology
SNOWPES s 51 e B e e Ftretth walues along a color ramp
Unique Yalues
Classified
Stretched |
Discrete Calor
Color Yalue  Label
116149 [High: 116149 |
105825 [Low : 1.05629 | 3
Display Background Yalue: El as L
[]use hillshade effzct =P Display NoData s -]
Strekch
Type: |5tandard Deviations b | Histograms
nw I:l D Invvert
Apply Gamma Stretch: l:l 3
oy

In the Layer Properties window under the Display tab, set the Transparency to 50% and press
OK.

Layer Properties

| General || Source || Extent| Diizplay | Symbologyl

[ 5hows Map Tips {uses primary display field)
[ bisplay rasker resolution in table of conkents
[ allow interactive display For Effects toolbar

Resample during display using:

| Mearest Meighbor {for discrete data) -

Orthorectification
Conkrask:

ljl % Orthorectification using elevation
Brightness: ljl % Constant elevation: l:l
TR W L @UW green j B

Elewation adjustment

Coarse Mlediurn Mormal

T TR T 7 offset:

L

Geoid;

[ ] ][ Cancel ]! Apply I

It is now possible to compare the algorithm results with the chart.
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A.7 Vertical Referencing and Depth of Extinction Calculation

NOTE: There are two options for referencing the algorithm result to the chart datum: 1)
referencing using S-57 attributes from an ENC, or 2) manually calculating the gain and offset
using a raster chart. It is recommended to use option 1 when possible, as it provides a fast and
accurate solution. The sounding files from an ENC are equivalent to a point shapefile that. As by
product of the referencing procedure, the effective depth of the bathymetry (i.e., depth of
extinction) is calculated.

A.7.1 Exporting S-57 Attributes into Shapefiles

NOTE: This step is an internal NOAA/NOS/OCS/MCD procedure. If the S-57 attributes are
already provided to you as a shapefile, proceed to the next section.

Open the FME Standalone (Data File) Convertor by typing http://ocs-mcd-webapps2.ncd! |
tcn.noaa.gov/FmeUtils/convert.aspx.gov in the NOAA internal web browser. In this window,
select: §57 to Kapp DGN or Shapefile.

USME & hitp://ocs-mcd-webapps2.ncd-ten.noaa.gov/Fmeltils/convert, aspx?4

S (@ Standalone Data File Conve... %
File Edit View Favorites Tools Help

9% ] Esri Enterprise License Agr... @ MEIP ArcGIS - SignIn & National Ocean §

Choose a data conversion
Choose a conversion
Choose a conversion
DGN to Shapefile or Kapp DGN

Version 8 DGN to version 7

Shapefile to Kapp DGN

ASCII Soundings to Shapefile or KAPP DGN
S57 to Kapp DGN or Shapefile
CEF File to CRIT DBF or Text
Bounding Coordinates of DGN
ZIP File conversion
KAPP DGN to Shapefile

The screen will change as follows:
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http://ocs-mcd-webapps2.ncd

@ hitp://ocs-med- s2.ncd-t /FmeUtils/conve ?AsprAutoDetectC

- (2 Standalone Data File Conve... *
File Edit View Favorites Tools Help

% 2] Esri Enterprise License Agr... @8 MEIP ArcGIS - SignIn & National Ocean Service P... % National Ocean Service P.. & htt

Convert S57 to Kapp DGN
ote that the 557 to Shapefile conversion was changed on 11/3/2008 to support NCS II req|

lUpload an input ZIP file containing the ENC/S57 file to convert
Enter a Kapp number or select Shapefile output

Select Input File Browse. .. Upload File
[Enter Kapp Number [[IMake Lat/Lon Shape File

ext Size: [Normal [+] (only affects DGN or ASCII sounding conversions to KAPP DGN file)

.. button and select the "*.zip.000" file

2 Choose File to Upload
Organize v New folder )
5 Favorites — | chart
Bl Desktop | U1510880_shape
4 Downloads _ Motes fromSean
£l Recent Places 3 | U151088A
| FisheriesPODOve 8| u1510880
| LelandSnyder |Ml
J. GIS | U1510880_20130906T92749
L Temp
). ORS
. Working
- Libraries
@ Documents
J‘ Music -
File name: U1510880 ~ [ AuFiles 1) -]
| Open | [ Cancel ]

Check the Make Lat/Lon Shapefile and press the Upload File Button.

@ hitp:/focs-med-webapps2 ncd-ten.noaa.gov/Fmelltils/convert aspx?AsprAutoDetectCookisSupport=1

& Standalone Data File Conve... %

Eile Edit View Favorites Tools Help

5% £ Esri Enterprise License Agr... §@ MEIP ArcGIS - SignIn & National Ocean Service P... & National Ocean Service P... & http--sanctuaries.noaa,

IConvert $57 to Kapp DGN
ote that the 557 to Shapefile conversion was changed on 11/3/2008 to support NCS II requirements.

Upload an input ZIP file containing the ENC/S57 file to convert
Enter a Kapp number or select Shapefile output

Select Input File C:\Working\ORS\Haiti1\Data\U1510830\U151 [ Browse... | | Upload File
Enter Kapp Number Make Lat/Lon Shape File

[Text Size: [Normal [+] (only affects DGN or ASCII sounding conversions to KAPP DGN file)

You will receive a notice that *.000 has been zipped for upload. Press Convert.
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{2 Standalone Data File Conve... %
File Edit View Favorites Tools Help

9% 2 Esti Enterprise License Agr... @ MEIP ArcGIS - SignIn & National Ocean Service P.. % National Ocean Service P... 8% http--sanctuaries.noaa,

Convert S57 to Kapp DGN
ote that the 557 to Shapefile conversion was changed on 11/3/2008 to support NCS II requirements.

Input file set to D:\webpages\FMEUtilsWeb\temp\U1510880.zip
U1510880.zip loaded

Enter Kapp Number [“IMake Lat/Lon Shape File

ext Size: [Normal [»| (only affects DGN or ASCII sounding conversions to KAPP DGN file)
Select which files to include in output file:

[¥U1510880.000

You will receive a notice that "Conversion is complete". You can close the web browser and
open a Windows explorer.

Note: The file is zipped.

Fmelltils/convert. prAuteDetectCookieS: rt=1

(& Standalone Data File Conve...
File Edit View Favorites Tools Help

5 & Esri Enterprise License Agr... @@ MEIP ArcGIS - SignIn & National Ocean Service P... ) National Ocean Service P... % http--sanctuaries.noaa.

IConvert S57 to Kapp DGN
ote that the 557 to Shapefile conversion was changed on 11/3/2008 to support NCS II requirements.

Input file set to D:\webpages\FMEUtilsWeb\temp\U1510880.zip
[Enter Kapp Number [“/Make Lat/Lon Shape File

ext Size: [Normal [+] (only affects DGN or ASCII sounding conversions to KAPP DGN file)
ISelect which files to include in output file:

1510880.000

IConversion complete...
Download U1510880_shape.zip

Select the new file and unzip it.
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» Computer » Default » Working » ORS » Haitil » Data » ULSL0880 » - Search U1510880

EI——'—I 7

L Computer

£, Default (C)

&% DVD RW Drive (E:) BURN

¥ OCSS (WOCS-VS-MNASDL.nos.noaa) ()
U1510880_shape Date modified: 12/3/2013 6:39 PM

WinZip File Size: 1.82 MB

Date created: 12/3/2013 6:39 PM

Organize v - ;_ Open with WinZip Print Burn New folder # « [ ®

. LelandSnyder | chart

K GIS | Notes fromSean

L Temp . U151088A

|, ORS | [ uisio880

1 Working ] U1510880

| U1510880_20130906T92748

4 Libraries £ |m

@ Documents -

J’ Music

[E5] Pictures

B videos

File Edit View Go Geoprocessing Customize Windows Help
olem BB xI(E B QBB $e g iw = Of
C:\Working\ORS"Haiti 1" Data*1J 15108804L1510880_shape - -
= Y
ERBy
Catalog Tree X | Contents ‘Premew | Dampmnl
i B [ Data -

3 u1410880
= 5 u1510880
T chart
U1510880_shape
7 U1510880.000
MNotes fromSean. bt
U151088A TXT
B8 bath_lpf
BB blue_Ipf
) c06)UN13WVD21100013JUNOB1601.tif
E float_|_ir
@ float_|_red
ﬁ float_w_blue
@ float_w_green
@ float_w_ir
ﬁ green_lpf
@ land_ir
E land_red
@ Landsat_Subset.shp
B3 LC80090472013165LGNO0_BL. TIF
@ LC80090472013165LGN00_B10.TIF
[ 1.C80090472013165LGNO0_B11.TIF
[ LC80090472013165LGNO0_B2.TIF
[ 1 C80090472013165L GNDO_B3.TIF
[ LCB0090472013165LGNO0_B4. TIF
@ LC80030472013165LGN00_B5.TIF

esults [E Catalog Tree

Shapefile selected

m

(=] ACHARE_point.shp
[E) ACHARE_polygen.shp
(B ADMARE shp
[ZBCHLAT shp

[ BCHSPP.shp
[=JBOYLAT.shp
[=)BOYSPP.shp
[=JBRIDGE_line.shp
[EBUAARE polygon.shp
(=) BUISGL_paint.shp
[E)BUISGL_polygen.shp
(=) C_AGGR.shp
[=JCBLSUB.shp

(=) COALNE shp

[ ConnectedNode.shp
D CTNARE_point.shp
|Ell DEPARE _polygon.shp
[=JDEPCNT.shp

(=) DSID.shp
[=JEdgeshp
[=JFNCLNE.shp
[EIFORSTC_polygon.shp
@I;olatedNod eshp

[EIl LAKARE shp
[ZUGHTS.shp

B DARE_polygon.shp

[=JLNDELY_line.shp

[ LNDMRK_point.shp
LMDMRE_polygon.shp
“*JLNDRGN_point.shp
LMDRGN_polygon.shp
M_COVR.shp
M_NPUB.shp
M_NSYS.shp
M_QUAL.shp
MORFAC_point.shp
NAVLNE.shp

'] OBSTRM_point.shp
OBSTRM_pelygon.shp
"/ PILBOP_point.shp
PRDARE_palygon.shp
RECTRC line.shp
RESARE.shp
RIVERS_line.shp
RIVERS_polygon.shp
ROADWY _line.shp
SBDARE_point.shp
[EJ SBDARE_polygon.shp
@ SEAARE_point.shp

[EJ) SEAARE_polygen.shp
[ SILTNK_point.shp
(=] SILTNK_pelygon.shp

]

{3 e oy e 9 9 e o e

(L SISTAW.shp
[=)SLCONS line.shp

=@ SLCONS_polygon.shp
[Z SOUNDG.shp

[ UWTROC.shp
[EIVEGATN_polygon.shp
[FJWRECKS_point.shp
[EIWRECKS_polygon.shp

SOUNDG (Sounding point shapefile): In the attribute table, the DEPTH_FM field contains the
chart soundings in fathoms, the DEPTH_FT field contains the chart soundings in feet, and the
DEPTH_M field contains the chart soundings in meters.
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File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

0 o | b - | T8 - EEEEE & [& sounpg - B E e B
== R ) L3 ] el RaRd 2 Editor~ - - © Georeferencing ~ 4
i) L=l
Table Of Contents 2 X Table 2 X |Catalog
EEEEYE] SR 5 Gro i@ B e bl 3
= 27 Layers SOUNDG X Location: [ Home - Documents\ArcGIS v e
ER=] sounos [ WiniFom | WTxTDS | SCAMAX] SCAMIN] TXTOSC | RECDAT| RECIND | SORDAT SoRinD TWOUAL] DEPTH_FM | DEPTH_FT | DEPTAM 5 B Home - Documents\ArcGIS. El
B o[ 20000 20120430 | US,U1 graph DNC F1ET0660 = 5 05 » 5 Addins H
o[ 20000 20120430 US, U1 graph ONC H1610880 28| 46866 2% 28 5 FestureSenicel ocalEdits
o[ 20000 20120430  US, U1,raph, DNC 1610880 5 55 % 285 5 Packsges
0 20000 20120430 | US, U1 graph DNC H1610880 58 3.1668 19 58 1 Web Maps
o[ 20000 20120430 US, U1, graph DNC H1610880 23| 126866 76 = @ Detaultgh
[] 20000 20120430 | US,U1 graph DNC H1610880 1.2 [ 36 1.2 ° Toolbox.thx
o[ 20000 20120430 US, U1 graph,DNC H1610880 T (5 3 1 5 B Folder . et
0 20000 20120430 | US,U1 graph,DNC H1610880 42 23 138 42|42 g el ioa I
o[ 20000 20120430 US, U1 graph,DNC H1610880 31 16,8333 101 EIED =
o z0000 20120430 | US, U1 graph DNC H1610880 98] 10,8333 65 195198 ¥ ] C:A\Program Files (@6)\ArcGIS\Desktopl0.1\
0 20000 20120430 | US, U1 graph DNC H1610880 174 95 57 174 [17.4 £ Chscars
0| 20000 20120430 | US, U1,graph,DNC H1610880 216] 118333 il 215[216 £ CAUsers\leland.snyder\Desktop\Temp
0 20000 20120430 | US, U1 graph DNC H1610880 188 10.1866 81 18.8 [18.8 £ CA\Users\leland snyder\Desktop\ Tempdesk
0 20000 20120430 | US,U1,graph DNC H1610880 32 1.6666 10 32|32 £ C:\Users\leland snyder\Documents\ArcGIS\
[] 20000 20120430 | US,U1 graph DNC H1610880 20 10.8333 65 20|20 £ CA\Working
o] 20000 20120430 US, U1 graph DNC H1610880 208] 113333 &8 71|20 £ CAWorking\PythonPsU
o[ z0000 20120430 | US,U1,raph, DNC 1610880 24| 121666 73 25|24 £ 0 _CoreyLeland Files
o[ 20000 20120430 US, U1 araph DNC 1610880 5| 626333 Bl 15 [ 115 £ 0\dJBarber
o[ z0000 20120430 | US, U1, raph,DNC 11610880 216] 118333 71 215216 £ oneli
0| 20000 20120420 US, U1 graph,DNC H1E10880 05| 166888 100 30305 il £ O\FisheriesPODOverlay
1 ol z0000 20120430 US. 1 araph DNC 1610880 AR — — L £ 07\Gabe\Detail 2010 wor MACHOGIS
£ O\gis.
o [ S| (0 out of 4098 Selected) £ OA\GIS\NDB_testing
SOUNDE!
ElAddins
EFeatureSenvicel ocalEdits
EdPackages
[ web Maps
(@ Defaultgdb
@ Toolboxtbx
[E] Results | @] ArcToolb... | (5 Catalog | B Create Fe...
oo View: - P =gy Drawing~ K O-A- 0] Aial ~10 ~B [ U A--F- 0.

72432 18.588 Decimal Degrees

M_QUAL (Source diagram polygon shapefile): In the attribute table, the SUREND field
contains the year of the survey and the INFORM field contain the full survey details.

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

B X2 b - 14086 - ElrlsilalEe : @ ¢ gif@somos S0 BOEem g

* - X0 bl RaF 5 | Editor~ = 2 5 | Georeferencing ~ | —
E L]
2 x [Catslog
-l @| = |3
5 £ Layers X Location: (3] Home - Documents\ArcGIS. - ‘;ﬂ;
@ @ SOUNDG POSACC] SOUACC] SUREND | SURSTA | TECSOU| VERDA TEGRIT WiNFOW | WTXTDS | T3+ =
o 7978 vy Sirvey, Archive o 785003 (shis G 007.0/005, 0 006), Seale T5000-110,060 | T £ Addins H
5 M M.QUAL 1978 iavy Survey, Archive No. 785003 (sheets 0.007, 0.005, 0.006), Scale 15,000-1:10,000 B FeatureSenviceLocalEdits =
1978 iavy Survey, Archive No. 765003 (shests 0.007, 0,005, 0.006), Scal 1:5,000-1:10,00 5 Packages
1978 avy Survey, Archive o. 785003 (sheets 0.007, 0005, L W e
1978 avy Survey, Archive [T e
010 vy Survey, NGA Archive No. SF 401026, Scale 1,000 e
010 avy Survey, NGA Archive No. cale 11,000 I e =
010 vy Survey, NGA Avchive o. Scae T
010 lavy Survey, NGA Archive No. SF 401024, Scale 1:1,000 o)
01 v Survew NGA Archive o SF 401174 Sraie 11 000 = £ C:\Program Files (@6)\ArcGIS\Desktop10.1\|
« [ i B £ Csears
i o Lot [ i sicran seiecien £ CAUsers\leland.snyden\Desktop\Temp
£ CAUsers\leland.snyden\Desktop\Tempdiesk ||
M_QUAL £ CAUsers\leland.snydenDocuments\ArcGIS\
£ C\Working
£ C\Working\PythonPSU
£ 0\ _Corey\Leland Files
£5 0\IBarber
oiel
£ 0AFisheriesPODOverlay
£] 0:\Gabe\Detail 2010 wor MACHC\GIS
8% £ ongis
o £ 0:\GIS\NDE testing
[k £ 0\Lelandsryder
2o %g@&j’ £ oASeanLegeer
50 9 £ R
LXC NN £ WAarcgisserven dirctories
Bt - £ \locs-s-med4\pbg\chapp
50 R o o %00Foge £3 \\ocs-s-mednasl\gpchartscellsS
g g%:g‘j;%ggsi%cs Toolbores
R A f—— ,
% S8 00 58058 EiAadn:
S0 0 0 %0 000Gl (S eaturesenicelocaEdts
26, 00" s 0 0P aEE [ETPackages
5% o9 508 o %:ﬁgs [Eweb Maps
i’§‘9°o§°i% © %% | @ Defauit.gdb
52855 S8 000 %8 1B Toolbox.tbx
&) Resuls | @] ArcToob... | (3] Catalog | [ Creste Fe.
o 53 View: - &5 6F | B 5 Drawing~ K O-A- 0) Aral

72423 18.595 Decimal Degrees
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A.7.2 Preparing the S-57 Attributes

Use Add Data to add the SOUNDG point feature and M_QUAL polygon feature data in
ArcMap.

Note: make sure to have the algorithm result turned on to verify similarity to the chart
soundings.

To determine when each area was surveyed select the Identify tool and select a region.

The SUREND number is the year of the survey (In this case, the 2010 data (the most recent) is
the only data that will be used to calculate the bathymetry).
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Location:  775,906.180 2,054,925.169 Mete ™
Field Value il
FID 5

Shape Polygon ZM

RCID 27920

PRIM 3

GRUP 2

OBIL 303

RVER. 1

AGEN 551

FIDM 258496245

FIDS 1

LMAM 02270F6856F 50001

LMAM_REFS_ g
FFPT_RIND_ O

MAME_RCNM_ 0

MAME_RCID_ O

ORNT__ 0

USAG__ 4]

MASK__ 0

CATQUA 0

CATZOC 3

DRWVALL 0

DRVAL2 4]

POSACC 4] |
SOUACC 0 W
SUREND 2010

SURSTA

TECS0U

VERDAT 4]

INFORM L5, Mavy Survey, NGA Archive
MINFOM S
T 3

Open the Catalog and select a folder to save a new shapefile to, right-click the folder and select
New then Shapefile.

£ - T "x
e o eroafaS-iale
b o S =
* G Homw - Docurmerty' Hal
= & Foider Conmecteen
e = D O e o Devidog
g A2 O ey bmssoer Docuseety
=]
=4
= oy
+ (S pertver_replace
# S ports
- O —
g i Copr
=
Eu e
=@ Famiprre
&l 2 Febmb
R
B Fim Gt T B Dasoptgn,
B Penal Geodmsbas el T ——
J  Datwbany Comnection. |
4 Ao Sere Cotwction . ATy
. | LTTF
5 Lape. ’
- e
bd B Laem | —_-
@y Pymton Tocikee daet
) Shapie r"—h‘!ﬂ""
B Toskor e
B sk Tk e @ e i
? LAS Dot | e

76



Name the file good_survey, select Polygon as the feature type and select Edit to choose the
appropriate coordinate system.

r ol
Create New ShapEEl‘ g

Name good_survey

Feature Type: [F'olygon - ]

Spatial Reference

Description: il
Projected Coordinate System: -

Name: WGS_1984_UTM_Zone_18N
Geographic Coordinate System: I

Name: GCS_WGS_1984

4 k

[] Show Details

[ Coordinates will cortain M values. Used to store route data
[] Coordinates will contain Z values. Used to store 3D data

G

Right-click the good survey layer or the survey quality layer being used and select Edit
Features then Start Editing.

e OF Caraern
A a8
& e
H O poinis aly
s [ SOUKDG
=
L [ Copr
A MOW X Remes
- [ :,,::ﬂ] [ ——
& O poirts, i o Aaieimn

# D pond e Zaom ToLayer
0 poind g

Visible Scike Baige
Uz Sl Ll
Sabection

Labsl Fruiurss
[

Comwes Fasturea 1o aphics._,
Comeedt Sprrbsalagy ¥ Reprisarilitm,
Dula
Saew A Ly il BT L,y B9E AL 10 6

theather lyen dsa i thal &

Creste Layes Packge sacdaiatise

Prapartien..
=,

Select Continue if the following window appears.
Start Editing -‘-_'- - E

@ Start editing encountered one or more layers with warnings.
You may not be able to edit some layers if you continue.

I Name | Desaription 2
10m_depth Spatial reference does not match data frame.
10m_point_bath Spatial reference does not match data frame.
12m_depth Spatial reference does not match data frame, E |
12m_point_bath Spatial reference does not match data frame.
14m_depth Spatial reference does not match data frame.
14m_point_bath Spatial reference does not match data frame.
16m_depth Spatial reference does not match data frame.
16m_point_bath Spatial reference does not match data frame,
1m_depth Spatial reference does not match data frame.
1m_depth Spatial reference does not match data frame.
1m_point_bath Spatial reference does not match data frame.
1m_point_bath Spatial reference does not match data frame.
20m_depth Spatial reference does not match data frame,
20m_point_bath Spatial reference does not match data frame.
24m_depth Spatial reference does not match data frame.
24m_point_bath Spatial reference does not match data frame.
2m_depth Spatial reference does not match data frame.

( | 2m point bath Spatial reference does not match data frame. | 2
4 LLIJ 3
[T]Do not show this dislog unless there are errors that prevent start editing.
Tip: Double-dlick error to view additional information Stop Editing
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Select the Edit Tool in the Editor toolbar.

Select the most recently surveyed regions on the survey quality shapefile (M_QUAL). It is
possible to select multiple polygons that have good survey data, by holding the shift key to select
multiple regions at the same time. Once selected, right-click the highlighted areas and select
Copy.

A window will open and select the target layer as the good survey layer which was recently
created.

Choose a layer to create feature(s) in:

Target: I@ good_survey

| ok
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In the Editor toolbar, select Save Edits and then select Stop Editing. The good survey
shapefile will contain only has the regions associated with the most recent surveys.

Eaita =(|| & | *

W 4F Siop ldtng
Move-: | Suue Ll

| S all edvis made sece b lani
simve. Abm avineg, you cannel
LG PrEVitus SRbNG GEEDN.

o )

In order to eliminate areas that contain sediment turbulence, another polygon will be created
based on a visual inspection of the algorithm layer. In the Catalog, select a folder to save a new
shapefile to, right-click the folder and select New then Shapefile.

[

L]
| ED  RaSE Tubie
2|
-

Name the file "non_sed_areas", select Polygon as the feature type, and select Edit to choose the
coordinate system.
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T

Mame: non_sed_areas|

Feature Type: [ Palygon - ]

Spatial Reference

Description:

Projected Coordinate System: B
MName: WGS_1384_UTM_Zone_18N

Geographic Coordinate System:
Name: GCS_WGS_1584

4 3

Show Details

Coordinates will contain M values. Used to store route data.
Coordinates will contain 7 values. Used to store 3D data

Right-click the non_sed areas layer and select Edit Features then Start Editing.

(222 & &

=] llj'l:fl
il O poits_sig
# [ S0UNDG
- 4

= | Copy
# [] good g XM Aemevs
@ 0 M_QUlm Open Attvibute Table
il O 1mpa
3 O 1m_dey Joeres and Rebabes
@ [ pois | Zoom To Layer
il O pori_i
# [ pow_s
n O poien_t Wisible bcate Range
i 0 Temp_| Use Symibol Levels
# [ lpasd Selection
- B Moct P

T E bdicnd
W oct|  Eda Features
O oct

O oct = Convert Feabunes 1o Graphics..

O oct Convart Symbsaology to Raprasentation.
B O o Data "
% O o,

'
+

i O ock
i Start an ed# session on the

. wirkspace containing thes e
For exemple, i you right-chic
Layer from 4 geccdatabase am

Digitize the areas considered clean from sediment plumes by: 1) selecting the Create Features
window, 2) selecting the non_sed areas layer and 3) choosing Polygon for the construction tool.
Before creating the polygon look at chart soundings near the coast line and the results of the
algorithm. Even though the algorithm is not in actual depth units (e.g., feet or meters), it still

shows relative depth. Areas that appear more shallow then the chart suggests should not be
selected with the polygon.

The following area shows an example of where the algorithm is too shallow, due to sediment in
the water column. The red area extends further from shore than would be expected, and the chart
supports this as the outer reaches of the red area should not be there at 12 m depth.
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After visually determining the area, create a polygon by selecting the vertices around the clean
area.

In the Editor toolbar, select Save Edits and then select Stop Editing. The "non sed area"
shapefile is now associated only with the regions without sediments in the water column.

.
Save all ednis made yece the last
an AN g, o Cannel
undi previous Bling opeiation..
I e

In ArcToolbox select Analysis Tools / Extract / Clip
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»

ArcToolbox

& ArcToolbox
@ 3D Analyst Tools
= @ Analysis Tools
= &y Extract
#, Clip
'{% Select
#, Split
;\b Table Select
& Overlay
&y Proximity
i Statistics
@ Cartography Tools
g Ceonversion Tools

For the Input Features select "non sed areas" and for Clip Features select "good survey".
Choose a location to save the file and save it as "extract area". This file is the intersection

polygon between the most recent survey and the area that was digitized based on a visual
inspection (no sediment plumes).

— -

“, Clip : - . a
Input Features
| non_sed_areas ﬂ
Clip Features
| good_survey ﬂ
Output Feature Class

C:\Users'bmadore\Documents'Haiti\processed\extract_area.shp

XY Tolerance {optional)

In ArcToolbox select Analysis Tools / Extract / Clip

ArcToolbox
ArcToolbox
©3 2D Analyst Tools
= & Analysis Tools
= &; Extract
#, Clip
#, Select
#, Split
‘(b Table Select

For the Input Features select the point feature file (SOUNDG) that was added and for the Clip
Features select "extract area". Save the file as "points_extract".
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Input Features

I [sounpG =] @
Clip Features
|extract_area ;I @
Aot heine o :
C:\Users\bmadore\DocumentsHaiti\processed'\points_extract.shp @

XY Tolerance (optional)

Meters 7

In ArcToolbox select Spatial Analyst Tools / Extraction / Extract Values to Points. This
function will allows sampling of the algorithm results based on the point feature
("point_extract").

= B Spatial Analyst Tools

& Conditional

%g Density

% Distance

= % Extraction
‘t\ Extract by Attributes
‘t\ Extract by Circle
‘\% Extract by Mask
‘t\ Extract by Points
‘t\ Extract by Polygon
‘\% Extract by Rectangle
‘t\ Extract Multi Values to Points
‘% Extract Values to Points
‘\% Sample

Select the "points_extract" for Input Point Features. Input the algorithm results into Input
Raster and select a destination to save the file, and save it as "point_alg".

,
- o vaori: SN S O R M

Input point features

| I points_extract ;I @
Input raster
| 200ct2013\0ct_alg | @
Output point features
E:-VJ;rs'ibmadore\Domrnenis",‘-—i;ilﬁ’.prooessedgi.ﬁ.{:;l.é. shp @

[ Interpolate values at the point locations (optional)

[ Append all the input raster attributes to the output paint features (optional)

Right-click the "point_alg" feature and select Open Attribute Table.
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Table Of Contents o ox -
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3 £ Layers gt
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#0MEX Bemove

g E i’“@ Open Attribute Table
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5 [0 poit Joins & oo Attribute Table 4

@ O pois £ ;“‘""‘E Oipen this layer's attribute table.

# 0O pen Shortcut: CTRL «+ double-click

# O poir visibl layer name OR CTRL + T. 5

i O Ten

Turn the field off for every column of data except the depth measurements in meters
(DEPTH_M) and the algorithm results column (RASTERVALU). To turn a field off, right-click
on the label for the column you want to eliminate and select Turn Field Off.
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Repeat this until only the depth column and the RASTERVALU column are the only two
remaining.

Table
ERL-MLT R

points_alg
DEPTH_M | RASTERVALU
32 1.023258
8.6 1.010216
285 1.022487
5.8 1.010261
23 1.021709
11.2 1.019123
1 1.012425
42 1.0238
31 1.02247
19.8 1.021589
17.4 1.021174
215 1.021871

Open the Table Options and select Export.
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Select a destination folder to save the exported data. When saving select Save type as: Text File
and save the file as "points_alg.csv". Make sure to save the file with the extension of *.csv.

rSaving Data @1
Look in: [Elpmcessed '] & Li}| B v| ﬂ| BEO®
E New Folder

|j1m_p0int_bath.c5\r

|
Iame: points_alg.csv| Save
’ Save as type: [Text File v] [ Cancel ]

Select No when it asks to add the new table to the current map.

A.7.3 Calculating Extinction Depth, Gain and Offset

Open the saved "points_alg.csv" file in MS Excel. There will be two columns of data: 1) depth
soundings and 2) corresponding algorithm result. Select the B column with the algorithm results
and sort it from the lowest to highest by selecting Sort and Filter.
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When the sort warning appears, select Expand Selection.

T T .' |
Wuard Dabibs Faimst

L
Sort Warning

Microsaft Office Excel found data next to your selection. Since you have not
selected this data, it will not be sorted.

What do you want to do?

() Continue with the current selection

I Sort ] [ Cancel

=)

I sutuim © &r

e O
¥ oot | e &

£ Chaar - Filrs v L

3] ment Smateil va Lasgen

£ Sgnusipee o Smakey
& |0 | Curiom tos

Pl

The lowest values in the algorithm result column will appear as -9999. These null values should
be deleted. For each -9999, select both the A column value and the B column value then right-

click and select Delete.

A L} c D E F

Pite Specisl

Inseit.

Detete.

Clew Captens

Fitgs "
Sort "
Ingeri Cogment

Eormat Cemi...

i, From Daop-desn Lk

Mamie 2 Bange

Hypertink.

When the Delete window appears, select Shift cells up and press OK.
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[ Delete |8 e

Delete
() Shift cells left
() Entire row

() Entire column

oK l l Cancel

Select column A and select Sort Smallest to Largest in the Sort and Filter tool. Make sure the

values in column A have been sorted from smallest to largest.
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When the Sort Warning appears, select Expand Selection.

Sort Warning I. ? ﬁj

Microsoft Office Excel found data next to your selection. Since you have not
selected this data, it will not be sorted.

What do you want to do?

() Continue with the current selection

Sort ] [ Cancel

The data will be plotted at 1-m interval water depths (i.e., 0.5 mto 1.4 m, 1.5t0o 2.4 m, ...). To do
this write "=Average(" into cell E1. Highlight in Column A all depths between .5 m and 1.4 m
and press Enter. Repeat this process in E2 to average the depths ranging between 1.5 m and 2.4

m. Continue this process until you have reached at least 15 m.

Note: If you collected the soundings manually, continue here.
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il - (Quif) “AVERAGE(AZ-A1S

A I B [ M I D _E o F ] G [ H

DEF'THhM RASTERVALL I=ﬂVERAﬁE[A?!A15

0.8 1.012378 | AVERAGE(numberd, [numberZ] ... |

0.8¢ 1.016024
0.9} 1.013419
1.1} 1.013508
1.1E 1.014924
.'I..!I.: 1014353
1.2} 1013156
1.2! 1.013579
1.2} 1.013738
1.2¢ 1.015745
1.3E 1.012204
14! 1009234
1.4{ 1011746

14l 1013786

1.5 1.015148

17 1.5 1016893

, G O Pt e M e (Y e e G e R i

SREERIEIES v @~ ;e w

You end result (for water depth of 15 m), should look as follows:

A B & D E F

1 |DEPTH_M RASTERVALU 115
2 0.8 1.012378 " 197931
3 0.8 1.016024 " 2.854545
a 0.9 1.013419 " 4.014286
5 1.1 1.012508 " 4.973684
6 11 1.014924 " 5.921951
7 1.1 1.014959 " 6.979412
8 1.2 1.013156 " 7.943243
9 1.2 1.013579 " 8.945588
10 1.2 1.013788 " 9.846154
1 1.2 1.015745 " 10.92222
12 13 1012204 " 11.96964
13 1.4 1.009234 "12.95238
14 1.4 1.011746 " 14.02571
15 1.4 1.013746 " 14.88857
16| 15 1.015148 ]
17 15 1.01693

18 1.6 1.017287

19 16 101749

20 1.7 1.011698

Highlight only the values in the E column and select the box in the lower right corner. Drag the
box over one row.

J= | =AVERAGE(A2:A15)

i | =AVERAGE[A2:A15) [ eRActATALS - [ o E [ F G
D E 3 .15 1.013386
D E F G & 115
@ 1.1 ® ] 115 197931 1.015261
! .
[ 197931 | 197331 2.854545 " 1.015661
.
[ 2854545 L2 4.014286 " 1.016339)
| 4.014286 .:;’;‘;x 4.973684” 1.016513
| 976y = 5.921951" 1.017089
¥ .
[ s 6.979412” 1.017918|
6.979412) [ 6.979812 - aas203” 1019715
[ 7943243 it  5.045588" 1.02028
! L
8.945588] 8.945588] e v
e i 9.846154" 1.020127
: ¥ : y
o [ 10.92222” 1.020824
S 11.96964 " 1.020964]
L - br r
12.95238) [ 12.95238” 1.021161
P [ 14.02571” 1.020901
F 14.28857] 14.88857 " 1.021531]
|=H
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The values created in the F column are the average values from the algorithm results that
correspond to the appropriate averaged depth value. Select columns E and F and select Scatter
with only Markers in the Insert tab.
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The resulting graph will show a linear line at the lower depths and a break (shoulder).

Note 1: The break represents the extinction depth, which is around 9 meters in our case.
Typically, beyond this depth there is a change in angle and/or there is less correlation between
the sounding and the algorithm values.

Note 2: If there is no break in the plot, it is recommended to extend the depth range. Extinction
depths in the Caribbean can reach up to 30 in clear water days away from ports and marine

traffic.
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1021
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1018

1.017

1016

1.015

1014

1.013

1012

#Seriesl

14 16

The linear section of the results (up to the break) will be used to determine the gain and offset for
referencing the algorithm layer in ArcMap. In order to do that, subset the dataset by selecting the
depths in column E that are shallower than the break. Right-click and select Copy.
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Right-click in cell G1 and select Paste Special....
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A Paste Special window will appear. Select Values and press OK.

Pasle Spe:|al- ——— “ &u
— -

Paste

© Al () Al using Source theme
Formulas ) All except borders
) Column widths

() Formats ) Formulas and number formats
) Comments () Values and number formats
() validation

Operation
@) None () Multiply
) Add () Divide
() Subtract
[ skip blanks [ Transpose
Faste Link I oK ] ’ Cancel ]

Plot the subset, selecting the corresponding depth values in columns F and G. In the Insert tab,
select Scatter with Only Markers plot. The purpose of the G column is to switch which values
are on the x and y axis for the plot.

Inder Page Layoul Fanmulas Data R Team
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loal B P d i
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Please note that the algorithm values in the new plot are in the X-axis and the depth values are in
the Y-axis. This is because the data is converted from algorithm values to the chart datum.
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Right-click on the data points and select Add Trendline.

? -
B -
-
L #
A *Seriesl
4 +
5 Delete
. a Baset 1o Mghch Styke
-
A a “ Change Senes Chart Tyoe
Ty Sgiect Data
o 3
101 0a 1016 i
&30 Dats Laj-ei
Add Trendhne
3 Format Dats Serse

Make sure the regression type is linear. Check the Display Equation on Chart and Display R-
squared value on chart boxes and press Close.

Foemat Tresdline T d—

Teendine Cpiens) | Trendline Options
Line Color Trend Fegresson Ty

Line Style: Fa—

Tl
J L

Lpggaritmic

] © oo

J P
| © powng average
Trendire: Hime

& Myitoemshe e {Seses L)

Cuwion:

Forecast
Forwart .0 s

packmard: 00 prrad
Gat Iriercept =

o Deplay [uedon on chart
¥ Deiplay B -souined sihe on Sarl]

Come |

The resulting equation of the trend line is used for the referencing (in this example, the gain is
1215.3 and the offset is 1230.9).
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10

y=12153x-12309

9
/' R?=0.0452
8

+ Seriesl

4 A Linear (Seriesl)

o} T T T T 1
1012 1014 1016 1018 1.02 1.022

A.7.4 Applying the Gain and Offset (Referencing)

In ArcMap, select in the ArcToolbox Spatial Analyst Tools / Map Algebra / Raster
Calculator.

= &§ Spatial Analyst Tools
& Conditional
%-_' Density
& Distance
%-_' Extraction
% Generalization
% Groundwater
& Hydrology
& Interpolation
% Local
=] & Map Algebra
‘% Raster Calculator
& Math

Select the algorithm layer and multiply the algorithm layer by the gain value from the excel
sheet, and then subtract the b value. Save the file as "calc_bathy".

A

Map Algebra expression

Layers and variables j= Conditional -
<> 14jun2013%un_alg (4 Con E
< 14jun2013\jun_b3_hZo . - [E . B B . pick
< 14un2013\jun_b2_h2o Sethiull
<> 14un2013\jun_h202 Math
<> 14un2013\jun_hZo Abs
§>| 14un2013%un_b Er_rll!:lf . Exp .

Camdin

"oct_alg” * 1215.3 - 1230.9

Output raster
C:\Users\bmadore \Documents\Haiti\processed \calc_bathy

[
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The "calc_bathy" file is the bathymetry referenced to the chart datum.

A.7.5 Raster Chart Referencing (Manual Referencing)

Identify the units of the soundings and the shallow areas the correlate with depth soundings. In
this example, the soundings are in meters and the shallow areas are marked with light blue.

~® - M - 10 . — "
\'\\Tn < : 2 I "R P /
T, 2 ; E’v
nt Ny \ & b . /
N ! l &
L o I'L" ¥ Mo Y 1
3 % \‘ ¥ A { H ~—
Power Flant - Y ey
-] Jo'¢ 41" O J
o 1 Nitry —~ 7 a -
& Navy el - S

Fort Bizoton §3 Yard . .
(ram) Wartysant

Annrnach in Port.ay-Prince

SOUNDINGS IN METERS - SCALE 1:50.(

Open an MS Excel. Set up a row of values corresponding to the depth interval. For this data set
the intervals are in 1 meter intervals.

00 =5 O U7 B (L8 R

Select the Identify tool.
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Click on a sounding in the shallow area

Identify

Identify from:

= il
1.007780

Location:

Field

v 4y
-y
O x
<Top-mest layer> i

[0
780,409,218 2,063,140.763Me ~

Value

§ Stretched value 0
Pixel value 1.007780

f Cr...

wJ

{ Identified 1 feature

EIR... | @A |@d.. | GIC

Copy the bathymetry value to 4 decimal places (minimum) in the corresponding depth column in
the excel table.

Sample more soundings over shallow areas. Make sure that you have at least 6 samples per depth
value.

A
1
1.1236
1.13119
1.1423
1.1046
1.116
1.1155
1.1088
1.1082

Lr=R = R I = I, B I T R N I

After you finish the shallow depth, proceed to find deeper depth values for the soundings over
the deep algorithm results (in this case, over the dark blue areas). Typically 15 m is good in
murky waters (e.g., north Atlantic waters) and 35 m in clear water (e.g., Caribbean waters).
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A
1 1
2| 1123
3 11423
4 11046
s 1116
6 11155
7 1.1088
8| 11082
9| 10966
10 11219
1) 11129
L

B | 5 D E F G H I
2 3 4 5 6 7| 8 9

11172 1.1238 1.1338 1.114 1.1143 1.1229 1.137 1.1245
1.134 1.1263 11292 1.1263 11165 11245 1.1336 11226
1.0993 1.1141 1.1265 11217 1.118 1.1254 1.1263 11322

1.1232 1.1234 1.1258 1.1356 1.1239 1.1245 112 1.1294
1.1215 1.1205 111 1.1214 1.1355 1.1052 1.1295 1.1208
1.1142 1.1079 1.1162 1.1309 1.1213 112 1.1187 1.1322

1.1081 1.126 1.1262 1.1205 11107 1.1166 1.10%6 1131
1.1095 1.1183 11314 1119 1.1263 11217 1.1223 1.1328
1.1159 1134 11144 11215 1.1244 1.132 1.1295 1.1263

15 1.1107 1.1077 1.1216 1.1215 1.1294 1.1259

10
1.1288
1.1283

1131
1.1319
1.1199
1.1257
1.1295
1.1382

113
1.1277

11
1.1289
1.1359
1.1236

1.122
1.1222
1.1265
11321

1.135
11371
1.1321

12
1.1369
11246
1.1309
1.1392

1.132
1.134
1.1333
1.1342
11379
1.1073

13
1.1303
1.1334
1.1324

1.134

14
1.1308
1.1322

1132
1.1334
1.1362
1.1344

1.137
11331

1.132
1.1312

o
15
1.1333
1.1294
1.1327
1.1345
1.1359
1.139
1.1355

17
1131
1138

1.1321
1.1381
1.1279
1.1268
1.1252
1.1337
1.1338
1.1378

20
1.1368
1.1367
1.1393
1.1328
1.1327
1.1302
1.1336

1135
1139

22
1.1386
1.1379
1.1358
1.1345
1.1338
1.1339
1.1348
1.1357

In column A, click on the cell that is two rows below the last value. Type “=average(* and mark
the cells to average.

& it
1 i ] L
" E

i 11206 1.1036 1.1208
i 1.1433 1.15a0 L1263
4 1.00a& 1.0%90 114l
| 11160 L1 L11%a
& 1.1155 1115 1.120%
T 1.1088 1.1142 LiaT
a 1.h083 1.1081 L1260
] 1.0866 1. 1095 L1183
10 1.121% L1158 11340
11 L 1 '.]J“ 1. 1000 L1107
11

18 mavERAGE(A2ALY

14 AvERACGE mummibssrl |nwnliery

R

Repeat this average calculation for the other columns. Make sure that all the average values are

in the same row.

Select all the average values by left-clicking and marking them all. Right-click on the marked
area and select Copy.

A B & ..o | E F a H i i K L M [
1 1 1 | 4 5 B 7 8 9 10 1 12 1 14
2| 11736 L1172 10238 11338 L4 L1143 11229 1137 1145 1128 L1289 11368 11300 1.1308
E 1.1433 1,134 1.1263 1.1292 11363 L1165 1,1245% 1.1336 11336 1.1383 1.135% 11245 1.1334 L.13:2
4| L1046 L0993 11141 11265 L1M7 L118  11254 11263 11322 143 L1236 11309 L13M 1M
5 L1168 L1232 11234 11258 L1386 L1300 1128 112 L1204 1139 1122 11302 LiM L.13M
L] 11158 11218 1.120% 1L 11214 1.1358 1.105%2 1.139% 1.1308 1.119% 1.12322 1.132 11362
7| 11088 L1142 L1079 11162 11809 L1218 112 L1187 11322 11257 11265 1134 11344
8| 11082 L1081 1126 11262 11205 L4107 L1166 1009% 1131 11395 1131 11333 117
5 10966 1.10m% 1.1183 11334 iLiie 11363 1.1217 1123 1.1328 11382 1.13% 1.1343 1.113)
10, 11219 L1159 113 L1l L1N1S L1M4 1132 L1298 L1263 113 L1 117 1132
1 L1 L [caibd o[1 A a" § - % o | MA215 LA 11350 14207 L0 1107 11312
12
1 BB I-w-A-WMIEH
14 111504 111420 ieanal saaninliaaanseianniit gl 112859 113777 L1291 112954 113103 1133525 11333
15 A O
16 <8 Geer
17 o Paite
i8 Paike Spacial.,
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Select a data box that is below in Column B the data, right click and select Paste Special.

. " F . " [

13 | 1.0%8%91 1.1% T & s
Calibr 4 L TR

14

16

In the Paste Special window, select Values, and Transpose. Press OK.

L |
Paste Special l P |
Paste

= Al ~ All using Source theme
ormula 1 Al except borders
) Column widths
| Formats _ Formulas and number formats
) Comments _ Values and number formats
~) Validation
Operation
@ Mone ~ Multiply
) Add ") Divide
| Subtract
[ skip blanks
i

Continue as directed in sections A.7.3 and A.7.4.

A.8 Post Processing (Statistical Analysis)

NOTE: Similar to the referencing step, the analysis can be conducted using either: 1) the S-57
attributes from an ENC, or 2) manually. It is recommended to use option 1 when possible, as it

provides a fast and accurate solution. Otherwise, you will be required to generate point features
file.

A.8.1 Statistical Analysis Using S-57 Attributes
In the ArcToolbox, select Spatial Analyst Tools / Extraction / Extract Values to Points.
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= & spatial Analyst Tools

& Conditional

& Density

& Distance

=2 &; Extraction
't\ Extract by Attributes
#,, Extract by Circle
"t\ Extract by Mask
't\ Extract by Points
't\% Extract by Polygon
"t\, Extract by Rectangle
"t\ Extract Multi Values to Poi
ﬁ Extract Values to Points
#, Sample

Use the files generated from the previous section (Section A.7). Use the “points_extract" feature
as the Input point features and the "calc bathy" layer as the Input raster. Save the file as
"point_bathy.shp" and press OK.

% — » B - —

e

Input point features

Ipoints_extract LI @
Input raster

IonthUlB\calc_bathy LI @]
Qutput point features

C:\Users\pmadore \Documents'Hait \processed\point_bathy.shp @

[7] Interpolate values at the peint locations {optional)

| || Append all the input raster attributes to the output peint features {optional)

After the file has been generated, right-click on the "point bathy" layer and select Open
Attribute Table.

Tabile Of Combers

=X N+
= & layers - o
= [,
. B Copy
¥ [ posrtaly ¥ Remove
O pumh_ﬂ'lllm] o -
pen Artribute Table
s 0 oo | Jm i
(Oypen Attribute Table
§ [ ectract_arg ¢ Toem
5 [ non_sed o | Openthis layer's attribute table.
i Sherkout: CTRL + dowble-chck
# [ goad_zurs Wisible| layer name OR CTRL + T,
+ [0 Mgy

Apart from the DEPTH_M column and the RASTERVALU column, turn off the other layers by
right-clicking on the name the name and selecting Turn Field off.
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Table

B-1-aEOE X

S Sty
Fip 1 Shaoe- | _SORMD | swoval | pepTr_Fm | per
& Sort Ascending T ET] 175
¥ Sort Descending Be 3 12
2337|  128888
— Advwanced Sarting... T w
B80 19.6 10,8333
r h.au 174 85
1 pao FIE] 11,8333
E 18R] 109688
BRI T Eﬁ 20 10833
1 Turm Fiekd Off B0 28| s
1 EED 24 129666
1 Freere/ll o e Ficld OFF 15| ez
1| 5 — ; - Z16| 118333
1 | Tens this field off soitisnot [ —5g5 VB BEAE
19| Propertiq #hown here or in any other 377 151888
e TPerza Ty isloge. 04 %5
The table should contain only two fields.
EREHCTEE R
point_bathy
DEPTH_M | RASTERVALU
32 12 666992
28.5 11.728271
23 10.783325
42 13.324453
3 11.70752
19.8 10.642204
17.4 10.132324
215 11.101807
128 11.502808
20 10.990957
21 11.639771
Select Table Options and choose Export.
AN ax
Bls-wa x
N Frd e Repiace x
By Skt By Attt =
B Seitch Selection
B e
P
B Tuen ANFuiss On
[+] o Fct i
Arrproge Tabie: L
Restorr Delplt Cohare Wickin
Restres Dicfoult Fadd Drader
Joiers g Rirkates: »
[Redpte Tables ¥
dii Creste Graph
A Tabie to Layeat
o Peload Cache
& e
Rgpers .
Epon_

Select an output location to save the data and select Text file in the Save as type. Name the file
"point_bathy.csv" (make sure to have the *.csv extension) and press Save.
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Saviﬂ‘[)ata“ . - E

| Look in: [Eprocessed "’| E’l| By w

EdMNew Folder

D 1rm_point_bath.csv

point_alg.xlsx

D point_alg.csv
points_alg.csv

Mame: point_bathy. cav| save

Save as type: | Text File v] [ Cancel l

Select No, when it asks to add the new table to the current map.

Open the "point_bathy.csv” file in excel and select the RASTERVALU column. In the Home
tab select Sort and Filter tool and choose Sort Smallest to Largest.

a7
= bome | ImeA Pageligst Porsole  Daba  Redew Wew Aokl e

]

.
ey - | | TRIRS F=ai I T ]
y Cami il A x| oyl ap g e nss - Fm Tx g | ir H
[ L ' Eﬂ r% :rf Wier Duishe r_rn;l ajr 'imdr A
’ a & & & o " & Lo ol ar 1L T L] na
™ Fromaremu |||B 5B el (AR ke s e L R B Faimdting® & Tabe = Birier - - -
[ipacard . Fant . dhgrrwm Ll Fearbr - St LD

ni - I | MAST IR ALLY

- X

£ Curt Eig o e 0

13 Eert matend e Lagat

A 1 [ I+ ¥ ¥ [ " [ ] K [ '] ] -] ]
1 |DErTH_MrasTER R
¥ 53| 1165655

3 185) 107262

4 | 18T

] ] 1030408
]
T
E

i Prows F1for e el

B 18.7075)
193] i0saal
174 13.13z37

When the Sort Warning window appears, select Expand the selection.

[ Bl
Sort Warning m

Microsoft Office Excel found data next to your selection. Since you have not
selected this data, it will not be sorted.

What do you want to do?

() Continue with the current selection

[ sot || cancel
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The lowest values in the RASTERVALU column will appear as -9999. These null values should
be deleted. For each -9999, select both the A column value and the B column value then right-
click and select Delete.

A 1] C o E
1 DEFTH M RASTERWALLL
3 27 gl cfil - A NS % 0
] 4.2 99 B f E[ - S AW
4 LI ] | ’ "
5 62 -599 4 | ca
L M | Comy
7 53 66702 [ paste
- 12 -5.238 Puile Speisal.
) 14 -4,37584
10 62 -asxr |
11 1.8 -4,3730 Dedete.
b 2 4,093 Clear Copbents
13 3.9 -3.m92 Fatgr [
] 8.7 -2.7423 sort R

When the Sort Warning appears, select Expand Selection.
rDelete m1

_ Entire row

() Entire column

[ o< ][ cancel

After removing the null values, the dataset will be sorted by depth. Select the DEPTH_M column
and in the Home tab select Sort and Filter tool and choose Sort Smallest to Largest.

3 S e

Home Imesd Page Lagzut Formeuin Dats Arvira Wi Aol Tparn

- X

& Dl

oo
g o % | : B 4 : E dwinim © ]
3 i i - . r—— Fr— | He P Tx g
A f A A - W ha I T LK | = a Lﬂ
Peale - a|| = B - = e [4 i F " i Dwisbs Faimsd Sort & Fina &
" o e || 980 30 1 e %0 e b ) SRS IS (O O e [t

T oard a Pard . Uigrrwm . Haurbar Shim alli Y I — ‘
il - G| DEETH M il .

& n - "] E ' G m i X rr N a - L

1 [oe e _pafaad TERvALL vaEn

x 53| .67 A Y —

3 23] -h13s S—

1 14| -4 a7z

& L R

B 28l 42707

T 2| 4.5

B a3] -3.ma%7T

L] Ly -amm

] AT7| 170884

1 Al -1

Select Expand the Selection, when the following warning appears.

~
Sort Warning M

Microsoft Office Excel found data next to your selection. Since you have not
selected this data, it will not be sorted.

-

What do you want to do?

() Continue with the current selection

[ Sort ] [ Cancel
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Based on the extinction depth determined when calculating the bathymetry in the previous
section (9 meters for this example), select the values from the depth column and the
corresponding column. Then copy/paste those values into column E and F.

Az . AT A B c D E F G

A u i o i i 1 |DEPTH_M RASTERVALU 0.8 -0.55762
LI L1M7 2 0.8 -0.55762 0.8 3.874146)
i B A
i it prpiead 3 0.8 3.874146 0.9 0.708618
1] BA 0.747EA) . | 0.9 0.708618 1.1 -0.39941
BRI LE LTEER 5 1.1 -0.39941 1.1 2.537231
3T B4 InaTia|
am BS L0437 &6 1.1 2.537231 1.1 2.579468
64 FINES 7 1.1 2.579468 1.2 0.388428)
27 BY EWiCERE]
e g 1.2 0.388423 1.2 0.902832
am B3 15.M79 9 1.2 0.902832 1.2 1.156982
A ‘ 10 12 1.156982 12 3.534546
an ES 10,7 Cabbn 1 A § LI
™ B9 WTn s @Al E 1 1.2 3.534546 1.3 -0.76868
an 3 sama 12 1.3 -0.76868 14 -4.37842)
- S0 ] o 13 14 -4.37342 14 -1.32495|
m PETY 14 1.4 -1.32495 1.4 1.105469
A Al 15 1.4 1.105469 1.5 2.808838
- e 16 1.5 2.808838 1.5 4.974487
| 9 11 17 1.5 4.974487 1.6 5.408691
= Sara = 18 1.6 5.408691 1.6 5.655029
Y ; 19 1.6 5.655029 1.7 -1.3833
i e ":: [ S — 20 1.7 -1.3833 1.7 1.214233
P 5l f
i ianF Pamalcem 21 1.7 1.214233 1.7 5.372437
i 1y | PdbenDop i 22 1.7 5.372437 1.8 5.751099
o Bl e 23 1.8 5.751099 1.8 6.437124)
pi o] i) 107 L pperink
o 843 5619 24 1.3 6.437134 1.9 5.562378

Next, the difference between the chart depth (column E) and the derived bathymetry values
(column F) will be calculated. In cell G1, type "=E1-F1".

da-c -
| MATCH (> K | =F1-F1
& B & o] E F G H

1 |DEPTH_M RASTERVALU 0.8] -2.25343|=F1-F l

2 0.8 -2.25342 0.2 182605

3 0.6 1.82605 0.9 -1.08777

4 0.8 -L08777 11 -210773

5 L1 -2.10773 1.1 0.595453

6 1.1 0.595453 1.1 0.634333

Select cell G1 and either drag the lower right corner until it reaches the bottom of the E and F
column or double-click on the corner.

7 Gl - Fe | =E1-F1
[ Gl - e | =E1-FL |
A B [ D E F G k
& B c D £ F G b
1 DEPTH_M RASTERWALU 0.8 -2.25342| 3.053418 L DEFTH_M RASTERVAL 08 225343 3055410
= L] 2 0.8 225342 0.8 1.82605| -1.02605
2 0.8 -2.35342 0.6 182605
] 0.6 182605 0.9 -10a777| 1987763
E] 0.8 182605 0.9 -1.08777
4 0.9 -108777 11 -2.10779| 2.207788
4 0.9 -1.08777 11 -2.10779
5 11 -210779 11 0.595459) 0.504541
5 11 -2.10779 1.1 0595459
& 1.1 0.595459 1.1 0.634399) 0.465601
5 1.1 0,595459 1.1 0.534399
7 11 0.634389 1.2 -1,38257| 2.582568
7 1.1 0.634399 1.2 -1.38757
E] 12 -1,38257 1.2 -0.90834) 2,108936
] 1.2 -1.38257 1.2 -0.90834
El 1.2 -0,90834 1.2 -0,67505| 1875049
E] 1.2 -0.90834 1.2 -0.67505
10 1.2 -0,67505 1.2 1.513428| -0.31343
10 1.2 -0.67505 1.2 1513428
11 1.2 1513428 1.3 -2.44775| 3.747754)
11 1.2 1513428 1.3 -2,44775
12 1.3 -2.44775 1.4 -577051) 7.170508
12 1.3 -2.44775 1.4 -577051 = e R Rt R
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A.8.2 Scatter Plot

To create a scatter plot, first select column E, and while holding the ctrl key, select the G column
as well. Then go to Insert tab and select Scatter with only Markers.

S Mome | et | Pagelayout  Formulas Data Review  Wiew  Acrobat

TEHEPR ke aE0 @ a3

PiyotTable Table | Picturs Clip  Shapes Smarthrt | Column Line  Ple  Bar  Area |Scatter| Other | Hyperlink | Text Header
- Art < - < - - - - |Charts - Box & Footer
Tables Tlustrations Charts

Scatter

2 0.8 -2.25342 0.8 182605 -1.02605 . ol
3 0.6 182605 0.3 -108777 1.987763 L m
4 0.9 -108777 11 -2.10773 3.207798
) 11 -2.10773 11 0.585459 0.504541 | scatter with onty markers
3 1.1 0.595453 11 06349339 0465601 &) Compre pais o7 vales,
7 11 0634333 12 -1.38257 2.582568

Use itwhen the walues are notin
8 12 138257 12 -0.50894 2.10893¢ / (SRR e
3 12 -0.30834 12 -0.67505 1.875049 separate measurements.
10 12 -0.67505 12 1513828 -0.31343
1 1.2| 1.513428 1.3 -2.44775 3.747754 illl| &1 chartTipes..
12 13 -2.44775 14 -577051 7170508

The resulting graph is a scatter plot of the difference between the derived bathymetry to the
charted depth (Y-axis) as a function of depth (X-axis).

Chart Title

=
@

-
B

-
¥}

=
=1

Difference (meters)

L T - ]

Depths from points (meters)

In order to observe a clearer plot, right click above the legend, and select Move Chart...

Lopy

Paste

Reset to Match Style

Eont.

Change Chart Type
5 Select Data,.

[@] - Move Chart..,

The Move Chart window will appear, select New sheet and press OK.

towe Chart 1

Choose where you want the chart to be placed:

\JJTJ’JJ @ Mew sheet: | Chartl]

|chl s} () Objectin: | points_bathy IZ|

[ OK ][ Caniel ]
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The scatter plot will now appear in a separate sheet will appear. Right-click on the data series,
select Format Data Series....

1
I -
=
.
10
*®
.
.
8 -
. .
* *
.
i A . * -
* 3 U
s Aoy # Seriesl
+ . .
. . .
- +
Pro, ' .
® . N .. P
) . . .
oox .2 -
. oo
: 2 v: : Delet:
+ - Delete
. O
1 2 S 4 tey LI o & Resetto Mt style
PO . e e a
2 £ . il Change Series Chart Tupe.
-, ® ®T .
¢ &) select Dota..
B
add Data Lobels
-5

(3 Eormat Data Series.

In the Marker Options tab and select Build-in option with Type: "*" and Size: "2". Press
Close.

'Format Data Series @
Series Options Marker Options
Marker Options ] Marker Type
Marker Fill ) Automatic
Line: Calor ) Mone
Line Style @ Built-in
Marker Line Colar Type: | % IZI
Marker Line Stvle Size: |2 =
Shadow
3-0 Format

The plot now shows more clearly the distribution of the depth differences between the derived
bathymetry and the charted depth.

16

14

12

»Seriesl |

Note: MS Excel provides more options for designing the scatter plot.

104



A.8.3 Mean and Standard Deviation
Type the following titles: "Stdev+" in cell I1, "Stdev-" in cell J1, "Mean" in cell K1, and "Stdev"

in cell L1.

— points_bathy sy - Micrasoft Excel
_,/, Home Insert Page Layout Formulas Data Review e Acrobat
Q9- E
[ 1 - e | stev
2 B c D £ F G H ! J K L ¥
1 |DEPTH_ RASTERVALU DB -2.35342 3.053418 stdevt  Stdev-  Mean  [stdev |
2 0.8 -2.35342 0.5 1.82605 -1.02505
3 0.8 182609 0.9 -1.08777 1.387763
4 0.5 -L08777 L1 -2.10773 3.307788
5 11 -2.10779 L1 0.595453 0.50454L
5 11 0.595453 L1 0.634333 0.96560L

In order to calculate the standard deviation and mean for each depth, they need to be binned. In
space K2 type "=AVERAGE(" and then select and highlight in column B all values that are in
depths that range between 0 m to 1 m according to column A.

e points_bathy SPxlsx - Microsoft Excel
(Ea
_“"y Home Inzert Page Layout Formulas Data Rewiew Wiews Acrobat
= =
[ MATCH v (0 X o fx| =AVERAGE(5L:GE)
) B G D 5 P G H | J K L I ¥
1 |DEPTH_M RASTERWALL 0.8 -2.25342| 3.053418 Stdev+  Stdev-  Mean Stdey
2 0.8 -2.25342 0.8 1.82605| -1.02605 :AVERZ‘EE(GLGE)
& 0.8 182605 0.9 -1.08777) 1567769 [ AVERAGE(numberd, [number2], .) |
4 0.9 -1.08777 11 -2.10779 3207788
5 11 -2.10779 1.1 0.595453 0.504541
[ 1.1 0.595459 1.1 0634399 0465601

Similarly, in space L1 type "=STDEV("and then select and highlight in column B all values that
are in depths that range between 0.1 m to 1.0 m according to column A.

points_bsthy_ SPaxsx - Microsoft Excel

D;\
_/ Home Insert Page Layout Formulas Data Rewiews Wiew Acrobat
FE
| WATCH - (0 % o £ =STDEV(GLGE
& B c D £ F G H I J 3 L 1 n ¢
1 DEPTH_M RASTERVALU 0.8 -2.25342] 3.053418 Stdev+  Stdev-  Mean  Stdev
2 0.8 -2.35342 0.8 182605 -1.02605 1.338379[=8TDEV(GL:GY
3 0.5 L8605 0.5 -L087TTY 1987753 STOEV(numberd, [numberd], .}
4 0.3 -L08777 11 -210773 3.207788
5 11 210779 L1 0.595459 0.504541
3 1.1 0.585453 1.1 0634393 0.465601
7 11 0.634339 12 -138357 2.582568

Repeat the mean and standard deviation calculations for cells D2 and E2 for the depth ranges
between 1.1 m to 2.0 m. and continue up to the extinction depth (9.0 m in this example). Type in
column C the chart depth that correlates with the mean and the standard deviation (i.e., 1.0 m in
cell C1,2.0 min cell C2, ...).

A B 5 D E I G H | J K L R

1 DEPTH_M RASTERWALL 0.8 -2.25342 3.053418 Stdev+  Stodew- IMean Stolev

2 0.8 -2,25342 0.8 L.B2605 -1.02605 1.338373 2115844
3 0.8 1.82605 0.9 -LOBYF7 1.98778% 1.089217 2.930847
4 0.9 -1.08777 1.1 -210773 3.207738 1630035 2629656
5 1.1 -2.10779 1.1 0.595859 0.504541 2.494352 3,788599
3 L1 0.595453 1.1 0634390 0.465601 1494514 3.39306
7 1.1 0624203 1.2 -1.28357 2.582%568 2601568 3611689
8 Lz -1.38237 1.2 -0.30834 2,108936 3.863204 3514636
a 1.2 -0.90834 1.2 -0.67505  1.875043 1952565 2496267
1n 1.2 -0.67505 1.2 1,513428 -0.31343 1.970331 2,455211
11 1.2 1.513428 1.3 -2.44775 1747754
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In order to plot the standard deviations with the mean, the standard deviation will be added and
subtracted from the mean. Type "=K2 + L2" in cell 12. Similarly, type "=K2 - L2" in cell J1.

& ‘ - K = H I J 3 L %

8 Stdewt  Stdev-  Mean  Stdey K stdew+  Stdev-  Mean  Stdev

5 |zznd | [1:330379), 2.115044] 15 s.a50223[=k2-19] [ 1.338379] 2.115844]
9 1089217 2330847 3 1083217 2.930847
© 1630095 2629656 18 1.690095 2623656
il 2.494952| 3288599 n 2.494952 3,208599
1 1494514 3,39306 n 1494514 3.39306
8 2.691568 3611689 i 2691568 3.611689
6 3.069204) 3.514636 6 3.869204 3.514636
9 L 957565 2.496267 13 1.952565 2496267
2 La70331| 2455211 ] 1.970331 2855211

4

Repeat the step above for the rest of the cells.

€] H | il 8 L
53418 Stdev+  Stdey- hean Stolev
02605 3,454223  -0.7774e) 1.338379 2115844
87769 4020064 -1.84163f 1.089217 2,930847
07788 4,319751  -0.93956) 1.650095 2.629656
04541 5.783551 -0.73365) 2.4945952 3,288559%
65601 4.887574  -1.89855) 1.454514 3.359306
82568 6,303257 -0,92012) 2.691568 3.61168%9
08936 7.38384 0.,354568] 3.869204 3.514636
73049 4,448832  -0,5437) 1.952565 2496267
31343 4,425542  -0.48488] 1.970331 2.4535211
47754 =H

In column H write the chart depths that were extracted (this example went from 1 to 9 meters).

H | J K L I

N Stoev+  Stdev- lean Stolev

15 1m 2,454223  -0.77746 1,338373 2,115844
el 2m 4,020064 -1.84163 1.089217 2.930847
B 3m 4.319751  -0.93356 1.690095 2629656
11 4m 5.783551 -0.79365 2.494952 3.288399
11 Sm 4,887374  -1,89855 1.434514  3,39306
3B B m £,302257 -0.92012 Z.691568 32.611689
16 Tm 7.3B384 0.354568 3.869204 3.514636
13 am 4.448832  -0.5437 1.952565 2.496267
12 9m 4425542 -0,43488 1.,970331 2,455211

Select the data in columns H to K, right click and select Copy.

H | J K L 1 I 0
418 Stdev+  Stdew- Iean Stdew

s05)  1m o 3.454223 -0.77746 1.338373| 2.115844

769 2m 4020064 -1.84163 1,089217 2 9anas

70| am 4319751 -0.93956 l.gago| el Tt AT AT S - %o
34| 4m | 5783551 -0.79365 2.4343| B I [E|E- & - A- W E

s01] Sm  4.887574 -1.89855 1.434514] 3.33308

s8] Em  £.303257 -0.92012 2.6915) ¥ | cut

EET] I 738384 0,354568 3.8692) I3 capy

143 8m 44480832 -0.5437 1.9525) s
343]  9m 4425542 -0.43488 1.9703

754 |

Paste

Paste Spedal.
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Right-click on cell N1 and select Paste Special....

Calibi -1 ~| AT AT $ < % o F[
H I 1 K L M w ® 7 oS- AW SE T
8 Stodew+  Stdev-  Mean Stoev I:l
15 lm 3.454223 -0.77746  1.338373 2115844 & | cut
29 im 4.020064  -1.241e3 1089217 2.920247 S copy
i am 4.219751 -0,93956 1650095 2.629656 @ | Paste
1 4m 5.783551 -0.79365 2494952 3.288533 Paste Special..,
1 S5m | 4BB7STS -1.89855 1494514 333306 Irset.
8 &m 6.303257 -0.92012 2631568 2611683 Delete..,
3 Tm 7.38384 0.354568 2869204 3.514636 ;\ear Contents
19 am 4448832 -0.5437 1952365 2,496267
e am 4425542 -0.48488 1.970331 2455211 :”tjr :
o

Select Values and Transpose and press OK.

X3

Paste Special

Paste
& al () All using Source theme

() Formulas () &ll except borders

() Calurn widths

~ Formats () Formulas and number Formats

) Commnents (71 Yalues and number Formats
) validation
Dperation

@ Mone () Mulkiphy

O oadd () Divide

) Subkract

[ skip blanks Transpose

oK ] [ Cancel
The dataset will look as follows:
H | J K L 1l N o P Q R 5 T u v W
Stdev+  Stodev- Mean Stdey 1m 2m 3m 4m 5m B Fm am 9m

1m  3.454223 -0,77746 1.338379 2,115844 Stoleyv+  3.454223 4020064 4.319751 5783551 4887574 £,303257 739384 4,448832 4435542
2m 4020064 -1.84163 1.089217 2,930847 Stelev- | -0.77746 -1.84163 -0,93956 -0.79365 -1.89855 -0.92012 0.354560 -0.5437 -0.48408
Im 4319751 -0,93956 1.690035 2,629656 Mean 1338379 1,089217 1690095 2.494352 1494514 2.691568 3.869204 1,952565 1970331

Select the new dataset and go to Insert tab and select Other Charts/Stock/High-Low-Close.

N paints_bathy_SP.xlsx - Micrasoft Excel
J Home Insert Page Layout Formulas Data Review iew Acrobat

) [ e B8 P 2 gl ok @ 2l (D B 4 2R

PlotTable Table | Picture (Mp Shapss Smartatt | Column Line  Ple  Bar  Area saatter | Ofher Hypmmk o9 SRy IO SEE GBpe: G
At~ - ~ - - Charts~|| ~ || Box &Footer

x & Footer
Tables Tlustrations Charts Stock Text
0.8 -2.25342 0.8 L8605 -L02605 1m 3 Stolev+  3.454223 4.020064 4313751 5.783551 4.867574 6303257 7.38384 4.448832 4.425543
0.8 182605 0.9 -L08777 1987763 2m 4. M M mﬂm m Stoey-  -0,77746 -1.84163 -0,93956 -0,79365 -1,B9855 -0,82012 0354568 -0.5437 -0,99488
0.5 -1L08777 11 -210773 3207788 3m 4 iiean 1.336379 1.089217 1650035 2.434352 1.434514 2.651568 3.869204 1.953565 1370331
L1 -2.10778 11 0595453 0504541  4m 5, SY High-Low-Close

11 0595453 11 0630393 0465601 Sm 4
L1 0634393 12 -1.38257 2582568 6m 6.
1.2 -1.38357 12 -0.90834 2108336 7m

Requires three series of values in
order High, Low, and Close,

o [en | |
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The resulting graph will appear as the following:

Stdev+

2 Stdew-

= Mean

A.8.4 Manual Sampling

In case the S-57 attribute files are not available, it is possible to create a point shapefile
manually.

Open the Catalog and navigate to the folder to save the point feature. Right-click the folder and
select New then Shapefile.

T C_‘q B
s almE-jalle”
Lomtore [0 ponis -
i Home - Documenks|Hati

L& Folder Connections

a5 Co\Uhsars binad o Dedetog
=1 ] Co\Usiribmadens’ Documsants

# B ArcGls
E1 Hay
b o charts
E S picture_replace
+ -
£ B pd () Copy
E S
- i.-'z ® Delats
T “ 14 Renarne
Pl 2 Refresh
o . e
& Horar 3
T File Gendaisbese | e Dascriptan_.
3 Penonal Geodatabese | Propenie..
J Database Conmection.. BO0S04T201 3165 G009, TIF
& ArollS Server Cormection.. ik
b La |
VeI a2
&3 Group Layer b files_wavifami
B Python Toolbos E—_:“#':‘“‘:.
e imagery
B Teolke Mew Shapetile
[T dBASE Table Crnabas & naw shapeiile
M1 LAS Datavet g

Enter the name of the point feature (the first point file will be 1m) and select edit to choose the
coordinate system of the area. Select OK.
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Create New Shq.)eﬁlei E

Mame: Im_depth

Feature Type: [Fcim v]

Spatial Reference

Description

Projected Coordinate System -
Name: WGS_1384_LJTM_Zone_18N

Geographic Coordinate System:
Name: GCS_WGS_1984

4 »

[ Show Details m

[T Coordinates will contain M values. Used ta store route data
[~ Coordinates will contain Z values. Used to store 30 data

Right-click the shapefile and select Edit features then start editing. If a warning pops up select
continue.

- - - R e - . - -
o ot e T ————
'..-'l ai 3 Editoi *
= i Lapess i - in v _fan L AN
§ [ poinis ; =)
o] iw‘ﬁt Fo «. -
# [ pom [} i
5 O] poinl Femoes L
8 O poin| ] Dipen Antritute Table - r
# 0 Temy Joing and Relate
il O ldpm
§ [0 Mod & Zeom To Layer
H B Uy
Vinitle Scale Range
Use Symbol Leeels
Selextan
Label Features
Ede Festures
o Convert Fastunes 1o Graphici. By
- e S e 'E. o Start an edil wkiion on the |
Convert Symbelogy to Reprsientsten.. Fu, T 1 workupacs comtsinng iy leper.
Data : LY -r¢ i T Far enample, ¥ you right-click 1
A N layer from o gendstibase and start
£ Sawm ix Laryor Fila_., ;‘,' I 4, | edRmg it you sne able to ek all
" g | ieatapnion s ane
A Panperties.. ] .:.144."3 = - s
TT Fals = s 5 bl =

Open the Create Features tool and select the 1m_depth feature.

Create Features 1 x
-.'Er; ~ i <Searchs - l@l
Click here to see templates not listed. =
1m_depth
* 1m_depth

Using the chart as a reference, click on each depth value of 1 meter (i.e., between 0.1 to 1.0 m).
For example below sounding at 0.6 m and 0.9 m were marked. Try to select at least 6 soundings.
Once finished, select Save Edits followed by Stop Edits in the Editor toolbar.
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— = e | i—

it ___ Xl
| Hitos =] Bl 7 B E
E = = ‘2 S
Bp iop Bdang 531
e Seve bl
Sarew Dilits
Seve all et e v e Ehe lant
Adww. MlEE i N
ek bk B g apialions r &
-

Sy
Pbora iditing Tool ¥ ﬁl’

Edting Windaws ¥

Optoms. 29\ Bkw /

In ArcToolbox, select Spatial Analyst Tools / Extraction / Extract Values to Points.

=] @ Spatial Analyst Tools

& Conditional

& Density

& Distance

= & Extraction
‘t\ Extract by Attributes
‘t\ Extract by Circle
‘t\ Extract by Mask
‘t\ Extract by Points
‘t\ Extract by Polygon
‘t\ Extract by Rectangle
‘t\ Extract Multi Values to Points
&% Extract Values to Points
‘t\ Sample

Input "1m_depth" as the input point feature and the "calc bathy" layer as the Input raster.
Select a destination to save the output file, name the file "1m_point bath" and press OK.

F ™y
‘% Extract Values to Points , l . ! A Elm
— —— — —________ T

Input point features &
I 1m_depth ;I @
Input raster
[200ct2013\oct_bath =1 &
Output point features

Ml C:\Users'bmadore\Documents'\Haiti'processed) im_point_bath.shp =

[ Interpolate values at the point locations (optional)

[7] Append all the input raster attrbutes to the output point features (optional)

Repeat all the steps in this section for the other depth ranges.
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After sampling sounding for the depths up to the extinction depth, Right-click on
"Im_point_bath" layer in the Table of Contents and select Open attribute table.

Table Of Contents " T —
- :. A £ 3 Bl :_|
| & £ Layers
4 [] points
- a Copy
A L dep M Eemowe
4B pnm!_mﬂm Open Attribute Table
% [ poink_st deng and Relsl.-i. - [
# [ point_ex ©¢ Zoom ToLayer Open Attribute Table
# [ Temp fi Open this layer's sttribute table.
i ) o Shortout: CTRL + dowble-click
" E ]‘;;:utn; Yisible Scale Flm‘_ l.}.:, :urn: O ,:1RT_U' -F b
i Us_x_28 Wsg Symibol Levers I
In the table options, select export.
Table
L w- w6

& u

R Find and Replace
Ky Select By Attnbutes.

Swtch Selecton

Salect &ll

il Fiald..

Turn &l Feelds On

Share Faeld) Aligves

Arrange Tables "
Festore Default Column Widths
Eetors Detault Fisld Oreler

Joins and Felstes ¥
Felated Tablas ¥
Create Graph,

dicdd Table to Layout

Reload Cache

Print
Feports
Expon...
Appesrerice..|

| ixpont

| Exporis thw babide 1o 8 new babile

Use the same coordinate system as:

this ki

ata frame

1 the feature dataset you export e data inko

| only apphes If you export to a feature dataset in a geodatabase)

| Output table:

ul C/\Uperebmadons’ Docussents' Haili'\pointepoin_oct" Expert_Oulpat Iﬁ

1

ver's source data

Brow

[ox ] [ coel

the

Navigate to the data folder to save the file to and switch the Save as type to text file. Save the
file as "Im_point_bath.csv" (make sure to save the file as *.csv) and press Save.
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- — ~
Saving Data [ﬁ
Look in: [ﬁprocessed '] & L-a| = v| a| BEO®
[E New Folder

i

L

L
Name: im_point_bath.csv Sa\re_]

Mave as type: | Taxt File v] [ Cancel ]

When prompted to add the new table to the current map, select No.
Repeat the export process for the rest of the depth layers created.

Open all the new *.csv files n MS Excel. Also, a new blank sheet

== RS Y, I S T P

[
o

=
[

iy B
-1.73804
0.697144
-8.73743
-9.91443

-4.7511
-3.98667
-3.99683
-7.78583
-18.8528
-14.6211
-8.83765
-8.35364
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c

Copy the RASTERVALU from "1m_point_bath.csv" into column B the blank sheet.

Type the number "1" in column A for all the depth values in column B.



& B c
-1.73804
0.637144
-8.79743
-9.91443
-4.7511
-3.58667
-3.99683
-7.78589
-18.8528
-14.6211
-8.83765
-8.35364

(== T - B S IV I ]

=
=

,_.
[
R e R R e e s R R

=
b

3

Repeat these steps for the other water depths as follows:

A B = D
25 1 -8.25415
26 1 -16.5034
27 1 5.460571
28 1 -1.23267
29 1 2.885376
30 1 4.381714
31 1 6.727783
32 1 7.282349
33 1 -8.51575
34 1 0.795654
35 2 2.495117
36 2 -8.42615
37 2 -6.50061
38 2 1.09436|
29 2 0.447754
40 2 1.650024
a1 2 -3.59827
42 2 -1.72559
43 2 -16.4685

After finishing, compile all the sampled data into one sheet. Save the file.
Go to section A.8.2 and A.8.3 for analyzing the derived bathymetry results.

Note: In order to avoid operator confusion during the sampling procedure, each depth range has
an integer value.
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APPENDIX B. ABBREVATIONS AND ACROYNMS

DEM - Digital Elevation Model

ECDIS - Electronic Chart and Display Information Systems (ECDIS)
ENC - Electronic Navigation Chart

GIS - Geographic Information System

IHO - International Hydrographic Organization

JHC - Joint Hydrographic Center

LAT - Lowest Astronomical Tide

MACHC - Meso American and Caribbean Sea Hydrographic Commission
MCD - Marine Chart Division

MLLW - Mean Lower Low Water

NASA - National Aeronautics and Space Administration
NGA - National Geospatial-Intelligence Agency

NITF - National Imagery Transmission Format

NIR - Near Infrared

NOAA - National Oceanic and Atmospheric Administration
OCS - Office of Coast Survey

OLI - Operational Land Imager

SDB - Satellite-derived bathymetry

SHOH - Service Hydrographique et Océanographique de Haiti
USGS - U.S. Geological Survey

WV-2 - WorldView 2
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